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l\'TliAf*F.l.l,l)LAR MODULAT ORS OF APOPTOPIC 
rv.i l f pf.ATH PATHWAYS 

Field of the Invention 

5 The present invention is generally in the field of modulators of apoptopic cell 

death and uses thereof in therapeutic applications to inhibit or to enhance apoptosis. as 
desired depending on the disease and whether or not it is desired to kill the diseased cells 
or to rescue the diseased cells from apoptopic cell death. Specifically, the present 
invention concerns novel genes encoding novel proteins belonging to the leucine zipper 

1 0 family, which are capable of inhibiting apoptosis mediated by the CD3/TCR system or by 
the Fas/FasL system, and which are also capable of stimulating lymphocyte activation. Tn 
particular, the present invention concerns a new protein and the gene encoding therefor 
called GILR. preparation and uses thereof, as well as any isoforms. analogs, fragments 
and derivatives of GILR, their preparation and uses. 

Bnckgrotind of Invention and Prior Art 

Apoptosis (programmed cell death) is an important intracellular process having 
an important role in normal cell and tissue development as well as in the control of 
neoplastic growth ( Cohen. 1993; Osborne and Schwartz. 1994; Wyllie et at.. 1980; Kerr 
20 at ah, 1972, Bursch at o/., 1992) 

A number of stimuli can either induce, or inhibit programmed cetl death through 
activation of molecules, involved in the signaling and execution of apoptosis, acting at 
different levels including the cell membrane, cytoplasm and nucleus. Among these, of 
note are those intracellular molecules, including some transcription factors, that have 
25 been shown to regulate cell growth. In particular, leucine zipper family proteins, such as 
for instance MYC. FOS and JUN, can modulate cell death (Shi vi al.. 1992. Smeyne el 
oL, 1993; Goldstone and Lavin, 1994). 

Apoptosis is also important in T-ccll development (Dent et al, 1990; Ju et al. 
1995; MacDonald and Lees. 1990). In particular, negative selection is due to apoptosis 
30 activated through the antigen (Ag) interaction with the T-cell-receptor(TCR)/CD3 
complex (Smith et al., 1989). Engagement of the TCR/CD3 complex, either by APCs 



presenting antigenic peptide or by nnti-CD3 antibody, triggers a series of activation 
events, such as for example, the expression of the Fas/Fas-Ligand (Fas/Fas-L) system, 
that can induce apoptosis in thymocytes, mature T cells and T cell hybridomas (Alderson 
el al., 1995; Dhein el al.. 1905; Ju vl al.. 1995; Jenkinson w »/.. 1989; Webb el at.. 
5 1990; Yang m al., 1595). For example, triggering of such activation events in T cell 
hybridomas leads to cell cycle arrest, followed by apoptosis. This activation-induced cell 
death (A1CD, Kabelitz et al., 1993) requires the interaction of Fas with Fas-L (Alderson 
et at., 1995; Ttoh et al, 1991; Yang et al.. 1995). 

It has been shown that other stimuli, such as cytokines and glucocorticoid 
10 hormones (GCH), are also critical regulators of T-cell development (Migliorati et al., 
1993; Nieto et al., 1990; Nieto and Lopez-R'vas. 10S9; Cohen and Duke, 1984; Wyllie, 
1980). For example, dexamcthasone (DEX). a synthetic GCH which by itself induces 
apoptosis in T cell hybridomas and in normal T lymphocytes, can inhibit A1CD induced 
by triggering of the TCR/CD3 complex (Zacharehuk vl at.. 1990). This inhibition may be 
1 5 due to prevention of activation induced expression of Fas and Fas-L (Yang et at.. 1 995) 
With respect to the above noted Fas/Fas-L system, it should be noted that Fas 
has also been called the FAS receptor or FAS-R as well as CD95. For simplicity, this 
receptor will be called 'Fas' herein throughout and its ligand. a* noted above, will be 
called 'Fas-L' herein throughout. 
20 Fas is a member of the TMF/NGF superfamily of receptors and it shares 

homology with a number of cell-surface receptors including the p55-TNf receptor and 
the NGF receptor (sec for example Boldin ei al.. 1 995a and 1995b). Fas mediates cell 
death by apoptosis (ltoh et al. 199 1) and appears to act as a negative selector of 
autoreactive T cells, i.e. during maturation of T-eclls. Fas mediates the apoptopic death 
25 of T cells recognizing self-antigens. Mutations in the fa* gene, such as the Ipr imitations 
in mice, have been shown to be responsible lor a lymphoprolifcration disorder in mice 
resembling the human autoimmune disease, systemic lupus erythematosus (SLE; 
Watanabe-Fulcunaga et al.. 1992). The Fas-I. molecule is apparently a cell surface- 
associated molecule earned by. amongst others, killer T cells (or cytotoxic T 
30 lymphocytes - CTLs), and hence, when such CTLs contact cells carrying Fas, they are 
capable of inducing apoptopic cell death of the Fas-carry ing cells. Further, a monoclonal 



antibody specific to Fas has been prepared which is capable of inducing apoptopic eel! 
death in cells carrying Fas, including mouse cells transformed by cDNA encoding human 
Fas (see, for example, Itoh ct al. 1 99 I ), 

While some of the cytotoxic effects of lymphocytes are mediated by interaction of 
lymphocyte-produced Fas-L with the widely-occurring Fas, it has also been found that 
various other normal cells besides T lymphocytes, express Fas on their surface and can 
be killed by the triggering of this receptor. Uncontrolled induction of such a killing 
process is suspected to conrribute to tissue damage in certain diseases, for example, the 
destruction of liver cells in acute hepatitis. Accordingly, finding ways to restrain the 
cytotoxic activity of Fas may have therapeutic potential. 

Conversely, since it has also been found that certain malignant cells and HIV- 
infected cells carry Fas on their surface, antibodies against Fas, or Fas-L itself may be 
used to trigger Fas-mediated cytotoxic effects in these cells and thereby provide a means 
for combatting such malignant cells or HIV-infected cells (sec. for example, ltoh ct al, 
199J). Finding yet other ways for enhancing the cytotoxic activity of Fas may therefore 
also have therapeutic potential. 

As noted above. Fas is related to one of the TNF receptors, namely, the p55-TNF 
receptor. TNF (both TNF-u and TNF-p. and as used throughout. TNF' will refer to 
both) has many effects on cells (see, for example, Wallach. D. (1986) In ; Interferon 7 
(Ion Gresser, ed.), p. 83-122, Academic Press, London; and Rentier and Cerami (1987)). 
TNF exerts its effects by binding to its receptors, the p55-TNF receptor and the p75- 
TNF receptor Some of the TNF-indueed effects are beneficial to the organism, such as, 
for example, destaiction of tumor cells and virus-infected cells, and augmentation of 
antibacterial activities of granulocytes. In this way TNF contributes to the defense of the 
organism against tumors and infectious agents and contributes to recovery from injury. 
Thus, TNF can be used as an ami-tumor and anti-infectious agent. 

However, TNF can also have deleterious effects. For example, overproduction of 
TNF can have a pathogenic role in several diseases, including amongst others, septic 
shock (Tracey ct al., 1986); excessive weight loss (cachexia); tissue damage in rheumatic 
diseases (Beutler and Cerami, 1987); tissue damage in graft -versus-host reactions (Piquet 
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et al., 1987), and tissue damage in inflammation, to name but a few of the pathogenic 
effects ofTNF, 

The above cytocidal effects of TNF is mediated mainly by the p55-TNF receptor 
in most cells studied so far, which activity is dependent on the integrity of the 

5 intracellular domain of this receptor (see, Tor example, Brakebusch et al., 1992, Tailaglia 
et al M 1993). In addition, mutational studies indicate; that the related Fas and p55 TNF- 
receptor mediate intracellular signaling processes, ultimately resulting in cell death, via 
distinct regions within their intracellular domains (see also, for example, Itoh and Nagata, 
1993). These regions also designated 'death domains' present in. both these receptors, 

10 have sequence similarity. The 'death domains' of Fas and p55-TN r F receptor are capable 
of self-association, which is apparently important for promoting the receptor aggregation 
necessary for initialing intracellular signaling (sa\ for example. Song el al. 1994; 
Wallach et al., 1994; Boldin et al., 1995a, b), and which, at high levels of receptor 
expression, can result in the triggering of* ligond-independent signaling (Boldin et al, 

15 1995a, b). 

Recent studies have indicated that the cytorosic effects mediated by Fas and p55- 
TNF receptor involves an intracellular signaling pathway which includes & number of 
protein-protein interactions, leading from the initial ligand-rcccptor binding to the 
eventual activation of enzymatic effector fund ions, and which include non-enzymatic 

20 protein-protein interactions which are involved in the initiation of the signaling for cell 
death (see also, for example, Nagata and Golstcin, 1005; Vnndenabeelc et al., 1995: and 
Boldin et al., 1995a, b). Apparently the binding of the trimeric Fas-L ana TNF to their 
receptors results in the interaction of the intracellular domains of these receptors which is 
augmented by a propensity of the death-domain regions or motifs to self-associate 

25 (Boldin et al.. 1995a. b). and induced binding; of ar leasl two other cytoplasmic proteins 
(which can also bind to each other) to the intracellular domains of these receptors, 
namely, the protein MORT-i (also called FADD) which binds to Fas (see Boldin et al.; 
1995b; Chinnaiyan et al., 1995; Kischkel et al., 1905), and the protein TRADD which 
binds to the p55-TNF receptor (see Hsu et al., 1995; Hsu et al., 1996). A third such 

30 intracellular protein has also been identified called RIP (see St unger et al M 1995) which 
binds to the intracellular domains of both Fas and the pSS-TNF receptor, RIP can also 
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interact with TRADD and MORT-I Thus, these three intracellular proteins allow for a 
functional "cross-talk" between Fas and the pSS-TNF receptor. The interactions between 
these receptors and their associated proteins (MORT-I, TRADD, RIP) occurs through 
the 'death domain' motifs present in each of these receptors and proteins. 

5 Thus, the 'death domain' motifs of the p55-TNF receptor and Fas as well as their 

three associated proteins MORT-I. RIP and TRADD appear to be the sites of protein- 
protein interactions. The three proteins MORT-I, RIP and TRADD interact with the 
p5S-TNF receptor and Fas intracellular domains by the binding of their death domains to 
those of the receptors, and for both RIP and TRADD their death domains also self- 
10 associate, although MORT-I differs in this respect in thai its death domain does not self- 
associate. Accordingly, it would seem that the interaction between the three proteins 
MORT-1, RIP and TRADD is an important pari of the overall modulation of the 
intracellular signaling mediated by these proteins Interference of the interaction between 
these three intracellular proteins will result in modulation of the effects caused by this 

15 interaction. For example, inhibition of TRADD binding io MORT-I may modulate the 
Fas-p55 TNF-receptor interaction Likewise, inhibition of RIP in addition to the above 
inhibition of TRADD binding to MORT-I may further modulate Fas-p55 TNF-receptor 
interaction. 

Recent studies have also implicated a group of cytoplasmic thiol proteases which 
20 are structurally related to the Cneiiorhahtlitis ch^ans protease CED3 and to the 
mammalian interleukin-lR converting enzyme (ICR) in the onset of various physiological 
cell death processes (reviewed in Kumar, 1 005 and I lenkarr, 1 996). There have also 
been some indications that protcase(s) of this family may take pari in the eel I -cytotoxicity 
induced by Fas and TNF receptors. Specific peptide inhibitors of the proteases and two 
25 virus-encoded proteins that block their function, the cowpox protein crmA and the 
Baculovirus p35 protein, were found to provide protection to cells against this cell- 
cytotoxicity (Enari et aL 1 905; Los et al.. 1005, Tewari ei a!.. 1995, Xue et al„ 1995; 
Beidler et al., I99S). Rapid cleavage of certain specific cellular proteins, apparently 
mediated by protease(s) of the CED.VICE family, could be demonstrated in cells shortly 
30 after stimulation of Fas or TNF receptors (both the p55-TNF receptor and the p75-TNF 
receptor) 
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One such protease and various isoforms I hereof (including inhibitory ones), 
designated MACH which is a MORT-I binding pmlcin nnd which serves to modulate the 
activity of MORT-1 and hence of Fas and p5STNF receptor, and which may also act 
independently of MORT-I, has been recently isolated, cloned, characterized, and its 
5 possible uses also described, as is set forth in detail in the international application No. 
PCT/ r US96/1052l, and in a recent publication (Boldin ci aL 1996). Another such 
protease and various isoforms thereof (including inhibitory ones), designated Mch4 has 
also recently been isolated and characterized (Fernandas- Alnemri et al., 1996, Srinivasula 
« al.. 1996). This Mch4 protein is also a MORT-I binding protein which serves to 
1 0 modulate the activity of MORT- 1 and hence likely also of Fas and pS5-TNF receptor and 
which may also act independently of MORT-1. 

Moreover, it has also recently been found that besides the above noted cell 
cytotoxicity activities and modulation thereof mediated by the various receptors and their 
binding proteins including Fas, pSS-TNF receptor, MORT-l. TRADD. RIP. MACH and 
15 Mch4, a number of these receptors and their binding proteins are also involved in the 
modulation of the activity of the nuclear transcription factor NF-kB. which is a key 
mediator of cell survival or viability, being responsible Tor the control of expression of 
many immune- and inflammatory- response genes. For example, it has been found that 
TNF-a can actually stimulate activation of NF-k-B and thus TNF-a is capable of inducing 
20 two signals in cells, one eliciting cell death and another that protects cells against death 
induction by inducing.gene expression via NF-ieR (see Beg and Baltimore. 1996: Wang 
et al., 1996; Van Antwerp ct al.. 1996). A similar dual effect for Fas has also been 
reported (see reference to this effect as stated in above Van Antwerp et al., 1996) It 
would therefore appear that there exists a delicate balance between cell death and cell 
25 survival upon stimulation of various types of cells with TNF-a and/or the Fas-L, the 
ultimate outcome of the stimulation depending on which intracellular pathway is 
stimulated to a greater extent, the one leading to cell death (usually by apoptosis), or the 
one leading to cell survival via activation of NF-icR. 

Jn addition, recently there has been further elucidated the possible pathway by 
30 which members of the TNT/NGF receptor family activate NF-kB (sec Malinin et al., 
1997 and the various relevant references set forth therein). Briefly, it arises that, several 



members of the TNF/NGF recepror family are capable of activating NF-kB through a 
common adaptor protein. Traf2. A newly elucidated protein kinase called NIK (see 
above Malinin et al., 1997) is capable of binding to Traf2 and of stimulating NF-kB 
activity Tn fact, it was shown (sec aforesaid Malinin et al.) that expression in cells of 

5 kinase-deficient NIK mutants results in the cells being incapable of having stimulation of 
NFkB in a normal endogenous manner and also in the coll having a block in induction of 
NF-kB activity by TNF. via either the p5?-TNF receptor or Fas. and a block in NF-kB 
induction by TRADD, RIP and MORT-I (which are adaptor proteins that bind these 
p55-TNF and/or Fas receptors) All of the receptors p5S-TNF and p75-TMF receptors 

10 and Fas. and their adaptor proteins MORT-I. TRADD and RIP bind directly or 
indirectly to Traf2, which by its binding ability to NIK apparently modulates the 
induction of NF-kB. 

It has been a long felt need to provide a way tor modulating the cellular response 
to Fas-L and to TNF For example, in the pathological situations mentioned above. 
15 where Fas-L or TNF is overexpressed or otherwise present in excess amounts or where 
the Fas or, at least, p55-TNF receptor is over-activated or overexpressed. it would be 
desirable to inhibit the Fas-L or TNF-induced cytocida! effects, which in other situations, 
e.g. in tumor cells or wound healing applications, it would be desirable to enhance the 
TNF effect, or in the case of Fas. in lumor cells or HIV-infected cells, it would be 
20 desirable to enhance the Fas-mediated elTect. To this end. a number of approaches have 
been attempted directed at the receptors themselves (to enhance or to inhibit their 
activity or amount, as the case may be) or directed at the signaling pathways, as noted 
above, in which these receptors or their associated proteins play a role (to enhance or 
inhibit the activities or amounts of the receptors or their associated proteins, as the case 
25 maybe). 

However, heretofore there has not been elucidated the role of glucocorticoid 
hormones (GCH) in the regulation of lymphocyte apoptosis, in particular, the role that 
GCH have in inducing gene expression, the produc(s) of which may modulate apoptosis 
in T cells (and possibly other cells as well), which modulation may be by direct or 
30 indirect interaction with, or other means of modulation of, the Fas-mediated or the 
associated/related p55-TNF receptor-mediated intracellular signaling pathways leading to 
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ccll death (by apoptosis in which various proteases as noted above are involved) or 
leading to cell survival (via induction of NF-kB activation as noted above). 

Summary of the Invention 

5 It is an object of the present invention to elucidate the role of glucocorticoid 

hormones (GCH) in the regulation of lymphocyte apoptosis, in particular, to elucidate 
the gene(s) or gene products(s) induced by GCH which can modulate apoptosis in T cells 
or in other cells. Hence, it is an object of the present invention to provide novel gene(s) 
which are induced by GCH. the produci(s) of which can modulate apoptosis in T cells or 
10 other cells. 

It is another object of the present invention to provide novel proteins, including 
all isoforms, analogs, fragments or derivatives thereof which are encoded by the novel 
GCH-induced gene(s), which proteins, isoforms, analogs, fragments or derivatives can 
modulate apoptosis in T cells or in other cells. These new proteins, isoforms. analogs, 

15 fragments or derivatives may modulate apoptosis by modulating the signaling activity of 
Fas or the p55-TNF receptor intracellular!}' in a direct or indirect way, or may modulate 
apoptosis in an entirely Fas-independent and/or p55-TNF receptor-independent manner, 
by modulating the activity of other intracellular mediators of apoptosis. It should be 
understood that the modulation of apoptosis can be an enhancement/augmentation of 

20 apoptopic cell death or an inhibition of apoptopic cell death, these being the possible 
ways of direct modulation of apoptosis, be il via Fiis- or p55-TNF-recepror-mediated 
pathways (inclusive of all the associated proteins/enzymes in these pathways as noted 
above) or via other pathways involving oilier intracellular mediators of apoptosis. 
Indirect modulation of apoptosis is to be understood as, for example, induction by direct 

25 or indirect ways, of cell survival pathways (i.e. induction of NF-icB activation or other 
such cell survival-related pathways), which cell survival pathways essentially counteract 
apoptopic pathways. 

Another object of rhe present invention is to provide antagonists (e.g. antibodies, 
peptides, organic compounds, or even some isoforms, analogs, fragments or derivatives) 

30 to the above new proteins, isoforms, analogs, fragments or derivatives thereof which 
may be used to inhibit their activity in the intracellular signaling process in which they are 
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involved, and hence to inhibit apoptosis. or conversely. to enhance apoptosis (inhibit cell- 
survival), as desired and depending on the activity til* Hie protein, isoform, analogs, 
fragment or derivative, the activity of which is to be inhibited by the antagonist. For 
example, if a novel protein, isoform. analog, fragment or derivative of the invention is 
5 augmentory to apoptosis then such an antagonist would serve to block this augmentory 
role and ultimately block or reduce cell death via apoptosis. Likewise, if a novel protein, 
isoform, analog, fragment or derivative of the invention is inhibitory to apoptosis then 
such an antagonist would serve to block this inhibitory activity and ultimately enhance or 
augment apoptosis, i.e. result in increased cell death. 
10 A further object of the present invention is to use the novel proteins, isoforms. 

analog, fragments and derivatives thereof, to isolate and characterize additional proteins 
or factors which may be involved in GCH-incluced modulation of apoptosis (i.e. GCH- 
induced product(s) of gene expression capable uf modulating apoptosis in T cells and 
other cells), which modulation may be as noted Above. For example, other proteins may 
1 5 be isolated which may interact with the novel proteins of the invention and influence their 
activity, or other receptors or intracellular mediators further upstream or downstream in 
the signaling process(es) may be isolated with which the novel proteins of the present 
invention interact and hence in whose function ihe novel proteins of the invention are 
also involved. 

20 Moreover, it is an object of ihe present invention to use the above-mentioned 

novel proteins, isoforms, analogs, fragments and derivatives as antigens for the 
preparation of polyclonal and/or monoclonal antibodies thereto The antibodies, in turn, 
may be used, for example, for the purification of the new proteins from different sources, 
such as cell extracts or transformed cell lines. These antibodies may also be used for 

25 diagnostic purposes, for example, for identifying disorders related to abnormal 
functioning of cellular effects induced by CiCI I and/or mediated by the signaling 
processes in which the novel proteins of the invention play a role., inch as. for example, 
the apoptopic pathways mediated by Fas and/or the pSS-TNF receptor or cell survival 
pathways involving the induction of N'F-kB activation, or any other such pathway in 

30 which such GCH-induced product(s) play a role 
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A further objeci of the invention is to provide pharmaceutical compositions 
comprising the above novel proteins, isoforms. analogs, fragments or derivatives, as well 
as pharmaceutical compositions comprising the above noted antibodies or other 
antagonists. 

5 In accordance with the present invention, a new gene and a new protein encoded 

by this gene have been identified and isolated. The new gene has been designated GILR 
(for : Glucocorticoid Induced Leucine-zippcr family Related gene) which encodes a new 
member of the leucine zipper family The GILR protein is a protein or 137 amino acid 
residues characterized by having four leucine residues (at positions 76, S3, 90 and 07 - 
10 see Fig. 2 and SEQ ID NO: 2) spanned by 7 amino acids and nn asparagine residue (at 
position 87 - see Figs. 2 and SEQ ID NO: 2) within the leucine zipper domain (see Fig. 
4). The new GILR gene and the product it encodes, being the new GILR protein, were 
identified and isolated following dcxamethasone (DEX) treatment of cells DEX is a well 
known glucocorticoid hormone and hence the GILR gene and GTLR protein represent a 

15 new glucocorticoid-induced gene and protein, respectively Further, it appears that the 
GILR gene is induced in Thymocytes and peripheral T cells and is also found to be 
expressed in normal lymphocytes from the thymus, spleen and lymph nodes. Little or no 
expression of the GILR gene was detected in other uon-lvmphoiil tissues including brain, 
kidney and liver 

20 With respect to the biological activity of the new GILR protein, rhe experimental 

results indicate that this protein has at least one important activity being its ability to 
selectively protect T cells from apoptosis. More specifically, GILR expression selectively 
protects T cells from apoptosis induced by treatment of the T cells with anti-CD3 
monoclonal antibody (mAb) but not by treatment with other apoptopic stimuli. This 

25 specific anti-apoptopic effect correlates with the inhibition of Fas and Fas-L expression. 
Accordingly, GILR expression may also serve to modulate, albeit indirectly, other 
intracellular pathways, as noted above, in which Fas is involved, for example, the 
apoptopic processes common to Fas and the p55-TNF receptor in which their associated 
proteins and enzymes (e.g. MORT-L TRADD. Rtl\ MAC! I, Mch4) are involved, which 
30 ultimately cause cell death by apoptosis. GILR, hy specifically inhibiting Fas and Fas-L 
expression may therefore also inhibit pathways ir. which Fas acts together with the p55- 
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TNF receptor due to the cross-talk' between these receptors mediated by the above 
proteins which bind to both of these receptors Thus, while GILR expression may serve 
to inhibit Fas and Fas-L expression in a direct fashion and to a marked extent, GILR 
expression may also serve to inhibit the p55-TNF receptor's intracellular signaling 
5 activity, albeit in an indirect way and possibly to a lesser extent. In addition, as noted 
above, Fas is also involved in induction of NF-kB activation and hence GILR expression 
which inhibits FAS expression can possibly also serve to reduce this activity of Fas, 
although with apparently less detrimental elVccts to the cells, as. primarily the block of 
Fas-mediated apoptosis would serve to save the cells from cell death to a greater extent 
1 0 than would NF-tctt activation save the cells. 

In view of the above-mentioned it also arises, for example, that when it is desired 
to kill cells, e.g. tumor or HIV-infected cells, then it would be desirable to inhibit GILR 
expression, whilst, conversely, when it is desired to protect cells, e.g. liver cells in 
hepatitis patients, then it would be. desired to increase the expression of GILR or 
15 augment its activity. Other uses of GILR and the control of its expression will be set^ 
forth herein below in greater detail. 

As is detailed herein below, by comparing untreated and DEX-treatcd cells (for 
example, murine thymocytes, although any mammalian thymocytes and/or peripheral T 
cells and/or other lymphocytes, such as those obtained from humans, may be used 
20 equally) by employing the substraction probe technique, il was possible to identify, 
isolate and clone the new GILR gene of the present invention. 

The novel GILR protein of the invention is. in view of the above-mentioned and 
as set forth herein below, a modulator of apoptosis in lymphocytes, in general, and is in 
particular apparently an inhibitor of Fas- (and Fas-L-) mediated apoptosis, especially in 

25 T-lymphocytes. 

Sequencing of the new GILR gene and protein has revealed that these arc novel 
as based on comparisons of the GILR nucleotide and amino acid sequences (see Fig. 2) 
with known sequences in various databases, which comparisons revealed no apparent 
homology between these GILR sequences and any known sequences. 

30 In summary, based on the above mentioned and also taking into account the 

biological properties of the leucine zipper family which GILR is a member, it arises that. 
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in general, GiLR may be used 10 stimulate lymphocyte activity and to rescue cells from 
apoptotic cell death. GILR may of course, also be used - as a probe to isolate other 
molecules which bind to GILR and which may serve to modulate its activiry or otherwise 
be involved in intracellular signaling processes. 

5 Accordingly, the present invention provides n DNA sequence encoding a 

glucocorticoid-induced leucine-zipper family related protein (GILR), isoforms, fragments 
or analogs thereof, said GILR, isoforms, fragments or analogs thereof capable of 
inhibiting apoptosis and stimulating lymphocyte activity. 

Embodiments of the DNA sequence of the invention include : 

TO (a) a cDNA sequence derived from the coding region of a native GiLR protein; 

(b) DMA sequences capable of hybridization vo a sequence of (a) under 
moderately stringent conditions and which enwek- n biologically active GILR protein; 
and 

(c) DNA sequences which are degenerate as a result of the genetic code to the 
15 DNA sequences defined in (a) and (b) and which encode a biologically active GILR 

protein. 

Other embodiments of the above DNA sequence are sequences comprising at 
least pan of the DNA sequence depicted in SEQ ID NO: I and encoding av least one 
active GILR protein, isoform. analog or fragment, as well as a DNA sequence encoding 
20 a GILR protein, isoform, analog or fragment having at least pan of the amino acid 
sequence depicted in SEQ ID NO: I 

The present invention also provides a vector comprising any one of the above 

DNA sequences. 

The vectors of the present invention arc capable of being expressed in a 
25 eukaryotic host cell, or of being expressed in a prnkiirvoiic host cell. 

Accordingly, the present invention also provides transformed eukaryotic or 
prokaryotic host cells containing any of the above vectors. 

By another aspect of the invention, there is provided a GILR protein, isoform, 
fragment, functional analogs or derivatives thereof encoded by Hny of the above DNA 
30 sequences, said protein, isoform, fragment, analogs and derivatives thereof being capable 
of inhibiting apoptosis and stimulating lymphocyte activity. 
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Embodimcnts of the above proteins, etc. ol'lhc invention include a G1LR protein, 
isoform, fragment, analogs and derivatives thereof, wherein said protein, isoform, 
analogs, fragments and derivatives have at least pun of the amino acid sequence SEQ ID 

NO: 2. 

5 The present invention also provides for a method for producing the GILR 

protein, isoform, fragment, analogs or derivatives thereof, com prising growing the 
transformed host cells under conditions suitable for the expression of said protein, 
analogs or derivatives, effecting post-mmshiional modifications as necessary for 
obtaining of said protein, fragments, analogs or derivatives and isolating said expressed 

10 protein, fragments, analogs or derivatives. 

Ln another aspect, there is provided antibodies or active fragments or derivatives 
thereof, specific for the GILR protein, isoform. fragment, analogs or derivatives of the 
invention. 

The above DNA sequences and GILR proteins, etc encoded thereby of the 
15 invention have many possible uses, and accordingly the present invention also provides 
for the following methods. It must be stressed that other therapeutic uses of GILR. its 
isoforms, analogs, fragments and derivatives, vis well as antibodies against it and other 
antagonists of GILR activity, e.g. peptides, are also envisioned within the scope of the 
present invention, as are set forth in the detailed description of the invention or as arise 
20 from the disclosure herein below Accordingly the following are but representative of the 
various methods in accordance with the invention : 

(i) A method for the inhibition of apoplosis in cells, mediated by the Fas/FasL 
system. CD3/TCR system or other intracellular mediators of npoptosis, comprising 
treating said cells with one or more GILR proteins, isoforms. analogs, fragments or 
25 derivatives, wherein said treating of said cells comprises introducing into said cells said 
one or more proteins, isoforms. analogs, fragments or derivatives in a form suitable for 
intracellular introduction thereof, or introducing into said cells a DNA sequence 
encoding said one or more proteins, isoforms. analogs, fragments or derivatives in the 
form of a suitable vector carrying said sequence, said vector being capable of effecting 
30 the insertion of said sequence into said cells in a way that said sequence is expressed in 
said cells. 
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(ii) A method as in (i) above for the inhibition of apoptosis in cells, wherein said 
treating of cells comprises introducing into said cells a DNA sequence encoding said 
GILR protein, isoforms. analogs, fragments or derivatives in the form of a suitable vector 
carrying said sequence, said vector being capable of effecting the insertion of said 

5 sequence into said cells in a way that said sequence is expressed in said cells. 

(iii) A method as in (i) or (ii) above wherein said treating of said cells is by 
transfection of said cells with a recombinant animal virus vector comprising the steps of: 

(a) constructing a recombinant animal vims vector carrying a sequence encoding 
a viral surface protein (ligand) that is capable of binding to a specific cell surface receptor 

10 on the surface of said cells to be treated and a second sequence encoding a protein 
selected from the GILR protein, informs, analogs, fragments and derivatives, that when 
expressed in said cells is capable of inhibiting apoptosis. and 

(b) infecting said cells with said vector of (a). 

(iv) A method for enhancing apoptosis in cells by inhibiting the activity if GILR 
1 5 proteins in said cells, comprising treating said cells with antibodies or active fragments or 

derivatives thereof, said treating being by application of a suitable composition 
containing said antibodies, active fragments or derivatives thereof to said cells 

(v) A method for enhancing apoptosis in cells by inhibiting the activity of GILR 
proteins in said cells, comprising treating said cells with an oligonucleotide sequence 

20 encoding an antisense sequence for at least part of the DNA sequence encoding a GILR 
protein, said oligonucleotide sequence being capable of blocking the expression of the 
GILR protein. 

(vi) A method as in (v) above wherein said oligonucleotide sequence is 
introduced to said cells via a virus of (iii) above wherein said second sequence of said 

25 virus encodes said oligonucleotide sequence. 

(vii) A method for treating tumor cells or HIV-infected cells or othe." diseased 
cells, to enhance apoptosis in said cells by inhibiting the activity of GILR proteins in said 
cells, comprising: 

(a) constructing a recombinant animal virus vector carrying a sequence encoding 
30 a viral surface protein capable of binding to a specific tumor cell surface receptor or 
HIV-infected cell surface receptor or receptor carried by other diseased cells and a 
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.equence encoding an inactive GILR mutant protein, said mutant protein, when 
expressed in said tumor. HIV-infected, or other diseased cell is capable of inhibiting the 
activity of normal endogenous GILR and enhancing apopiosis in said cells; and 

(b) infecting satd tumor or HIV-infected cells or other diseased cells with sa.d 

vector of (a). . . 

(viii) A method for enhancing apoptosis in cells by inhibiting the aetwrty of GILR 

proteins in said cells, comprising applying the ribozyme procedure in which a vector 
encoding a ribozyme sequence capable of interacting with a cellular mRNA sequence 
encoding a GILR protein, is introduced into said cells in a form that permits expression 
) of said ribozyme sequence, in said cells, and wherein when said ribozyme sequence ,s 
expressed in satd cells it interacts with said cellular mRNA sequence and cleaves sa.d 
mRNA sequence resulting in the inhibition of expression or said GILR protein in saul 
cells. 

(ix) A method for enhancing apopiosis in cells by inhibiting the activity of GILR 
5 proteins in said cells, comprising introducing into said cells n peptide that is capable of 
binding the normal endogenous Oll-R in said cells and inhibiting its activity thereby 

enhancing apoptosis. 

(xl A method tor isolating and identifying proteins, which are GILR-like prolans 
belonging to the leucine zipper family or are proteins capable of binding directly to 
PO GILR comprising applying the yeas, two-hybrid procedure in which a sequence 
encoding said GILR is carried by one hybrid vector and sequence from a cDNA or 
genomic DKA library is earned by the second hybrid vector, the vectors then being used 
to transform yeast host cells and the positive transformed cells being isolated, followed 
by extraction of the said second hybrid vector to nbtuir. a sequence encoding a protein 

25 which binds to said GILR. 

(xi) A method as in any of the above wherein said protein is at least one of the 

GILR isoforms, analogs, fragments and derivatives thereof. 

By yet another aspect of the present invention there are provided various 
pharmaceutics compositions, which are particularly u»lu. tor elVecting at lea., some of 
30 the above methods of the invention. The following is therefore but a representative 
number of possible pharmaceutical compositions in accordance with the present 
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invention. other possible compositions/formulations within the scope of the prescm 
invention are as set forth in the following detailed disclosure or as clearly arising 
iherefrotn : 

a) a pharmaceutical composition for the inhibition of apoptosis in cells or for 
5 stimulating lymphocvie activation, comprising, as active indent, at least one GILR 

protein, its biologically active fragments, analogs, derivatives or mixtures thereof. 

b) a pharmaceutical composition for inhibiting apoptosis in cells or for stimulating 
lymphocyte activation comprising, as active ingredient, a recombinant animal virus 
vector encoding a protein capable of binding a cell surlacc receptor and encoding at least 

1 0 one GILR protein, isoform. active fragments or analogs. 

c) a pharmaceutical composition for enhancing apoptosis in cells by inhibiting 
GJLR activity in said cells, comprising as active ingredient, an oligonucleotide sequence 
encoding an anti-sense sequence of the GILR protein mRNA sequence. 

d) a pharmaceutical composition for enhancing apoptosis in cells by inhibiting 
15 GILR activity in said cells, comprising, as active ingredient, an inactive mutant GILR 

protein or DNA sequence encoding said inactive mutant GILR protein, which GTLR 
mutant, when introduced into, or expressed in, said cells inhibits the activity of the 

normal endogenous GILR protein. 

e) a pharmaceutical composition for enhancing apoptosis in cells by inhibiting 
20 GILR activity in said cells, comprising, as active ingredient, a peptide capable of binding 

to the active site or the leucine zipper domain of GILR and thereby inhibiting normal 
endogenous GILR activity in cells. 

Brief nescriot^ " "f Drawings 

25 Figure I (A, B) shows reproductions of autoradiourams presenting the results of 

the analysis of GILR expression in various tissues and the effects of glucocorticoid 
induction (dexamethasone-DEX) induction of Cill.K egression in various tissues, 
wherein Fig. I A shows the expression olGlLR mRNA in nuu.se organs. Total RNA was 
extracted, "separated on agarose gel and transferred to a nitrocellulose filter. The filter 

30 was hybridized with a nick-translation-laheled GILR uDNA probe, washed and 
autoradiographed and exposed for 8 days Each lane was loaded with 2^g of total RNA; 
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and Fig. >B shows the effect of Pexa.neihasone on GILR induclion. Cells were either 
untreated (lanes I. 3, 5) or treated (lanes 2. 4, 6) with .00 nM/I DEX for 3 hrs. Total 
RNA <25ug) was extracted, electrophoresed on a gel and transferred to a nitrocellulose 
filter. The filter was hybridized with labeled GILR cDKA and exposed for 24 hrs. 
5 Figure 2 depicts schematically the nucleotide and deduced polypeptide (amino 

acid) sequences of the GILR gene and protein. 

Figure 3 (A. B, C) shows reproductions of auionuiiograms presenting the results 
of the expression of GILR cDNA, wherein . Fig. 3 A shows the expression of GILR 
cDNA inserted into a Bluescript vector (lane I. rabhh reticulocyte lysate control, lane 2. 
0 empty vector control; lane 3. vector carrying GII.R cDNA (sense)) in which the 
expressed transcripts were translated in « rabbi, reticulocyte lysate in the presence of 
[»S]Met. Fig. 3B shows a Western blot in which rahhii polyclonal antiserum was used 
tor Western blot analysis of GILR fusion protein constructed and expressed as detailed 
herein below (lane 1, preimmune scrum; lane 2. anii-GILR Ab); and Fig, 3C shows the 
15 Western blot analysis of GILR protein performed using rabbit preimmune serum (lane I, 
untreated thymocytes; lane 2. thymocytes treated with DEX 100 nM/I) or anti-GPLR Ab 
(lane 3. untreated thymocytes, lane 4. thymocytes treated with DF.X). 

Figure 4 is a schematic depiction of the comparison of the leucine zipper motif in 
the open reading frame of the GILR cDNA wilh those of other members of the leucine 
20 zipper family. 

Figure 5 (A, B) shows reproductions of autoradiograms presenting the results of 
the RNase protection analysis of GILR mRN A expression in transfected clones, wherein 
inFi S . 5A there is shown in lanes I. 2, transected clones with empty pcDNAS controls; 

i mi it .-DMA- him- ( > iRNA control; lane 10, 

lanes 3-8, transacted clones with GII.R w^a. • 

25 undigested probe control; and Fig 5B shows in lane I. undigested probe control, lanes 
2-4. transfected clones with empty pcDNA3 controls; lanes 5-7. transfected clone, wilh 

GILR cDNA; lane 8, tRNA control. 20ug RN A was loatled t,n cach ,ane - 

Fig. 5C shows schematically the construct in which the fragment that the 
antisense probe would protect upon single-strand specific RNase digestion. 
30 Figure 6 shows a bar-graph representation of the results demonstrating the 

protection from TCR-induced death of 3DO transacted clones. 3DO celis were 
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transfected by dectroporaiion with I5»g of linearis! pcDNAJ or iSug linearized cf 
pcDNA3 vector expressing the GU.ll cDNA. For induclion of apoptosis. cells were 
cultured for 20 hn on plates coated with »mi-CD3 ( I US/ml). The percentage of cell 
death was assessed by measurement of the ON A content of isolated nuclei stained with 
5 propidium iodide. The data shown arc representative of three independent experiments. 

Figure 7 (A-D) are bar-graph representations of the results of the analysis of 
apoptosis induced by other stimuli on 3DO transacted clones, wherein in Fig. 7A is 
shown the results obtained with withdrawn trophic factor, in Fig. 7B is shown the results 
obtained with u.v. irradiation (100 J/m2): in Fig. 7C is shown the results obtained with 
10 DEX (lOOmM/l); and in Fig. 7D is shown the results obtained with monoclonal <mAb) 
antwFu antibody (5ng/ml). All groups were .rented lor 20 hn. Cell death was measured 
as indicated above with respect to Fig 6. and as noted herein below. 

Figure 8 (A, B) are bar-graph representations of the results of the Fas r.nd Fas-L 
expression on 3DO transacted clones. 3DO cells transited with empty vector or with 
15 GTLR pcDKAj were triggered with anti-CD.l mAb f lug/mil for 20 hrs and analyzed for 
Fas (Fig. SA) and Fas-I, (Fig. SB) expression. 

It should be noted thai all of the above Inures are also described and referred to 

in the Example herein below. 

20 Detailed Description ol the Invention 

In accordance with the present invention, a new member of the leucine zipper 
family, designated GILR. has been isolated. The cDNA encoding GILR has been 
identified, cloned, and sequenced and the protein encoded by this cONA has been 
expressed, and its amino acid sequence has been deduced from the cDNA sequence. The 

25 GILR gene represents a gene whose transcription is regulated by glucocorticoid 
hormones (GCH) as evidenced by its induction by the synthetic GCI-I dexamerhasone 
(DEX). and further represents such a GCH-regulnted gene whose expression is involved 
in the modulation of T lymphocyte apoptosis. 

The GILR protein (see Figs. 2 nnil 4) has good homology with all the other 

30 members of the leucine zipper family especially in the leucine zipper domain, including at 
least some homology with the protein TSC-22, whose function has not yet been defined. 
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but which has also been shown to be induced by r>EX-treatmem (Shibanuma «?i «/. 
1992). Four leucine residues in GILR spanned by 7 aa (at positions 70. 83. 90 and 97) 
and an asparagine residue (at position 87, within the leucine zipper domain are 
compatible with the canonical leucinc-zipper structure of the family. However, like TSC- 
5 22. GILR does not seem to contain the canonical basic domain that is found in most 
transcription factors and is essential for binding to DNA. Moreover, contrary to other 
leucine zipper molecules (Goldnone and Lavin. IW: Hope and Struhl. 1987; Nicholas 
et a/., 1991; Yamamoto et «/.. 1M8). boll, TSC-22 and GILR. have a relatively small 
size (respectively 143 and 137 aa in total length) surfing thai these two may represent 
1 0 a new family of low molecular weight leucine zipper proteins. 

The GILR mRNA is clearly detectable, by Northern blotting, in freshly isolated 
thymocytes, spleen and lymph node cells, and mRNA and protein expression is induced 
in lymphoid tissues such as thymocytes, spleen and lymph nodes, by treatment with DEX 
(see Fie. 1 A. B). Although these results may seggest that this gene is mainly expressed in 
15 T lymphocytes, the expression in other tissues, (including those in which there has been 
found low or no mRNA expression: bone marrow, hcari. L.ng. liver, brain and kidney), 
cannot be excluded under peculiar contexts such as. for instance, during inflammatory 
processes and tissue regeneration or in the presence of tissue-specific signals. 

The results obtained following transfection experiments, indicate that the GTLR 
20 gene is able to inhibit T-eell apoptosis induced by treatment with ami-CD3 mAb. On the 
contrary, the same transfected clones are protected only to a significantly lesser extent 
against the programmed cell death induced with other typical apoptotic agents such as 
DEX, UV irradiation, serum starvation or triggering of Fas by crosslinked anti-Fas mAb. 
For example, DEX has previously been shown to induce apoptosis in T 
25 lymphocytes, including thymocyte, and T cell hybridomas. as well as to inhibit cell death 
activated by triggering of the CD3/TOR complex (Cohen and Duke. 1984: Yang et al., 
1995). These results indicate that GILR is specific in counteracting T-eell death activated 
by triggering of the CD3/TCR complex and could contribute in part to the DEX-induced 
inhibition cf CD3/TCR-nctivaied apoptosis. 
30 This protective effect raises the question about the possible mcchanism(s) of 

GlLR-induced inhibition of apoptosis. The present results indicate that the apoptosis 
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inhibition. associated to GILR overexpression. correlates with the inhibition of Fas 
overexpression and Fas-L expression induced by treatment with anti-CD3 mAb (Fig. 8 
and Table II). One possibility is that GILR interacts with other molecules, at the present 
unknown, which are involved in the activation of Fas and Fas-L gene expression. GILR 
5 could interact either with signalOQ. induced by TCR/CDS triggering in activated 
lymphocytes, or directly with transcription factors involved in the regulation of Fas and 
Fas-L gene transcription. 

Moreover, the increase of GILR expression, following DEX/T-cell interaction, 
suggests that this gene may be involved in reflating lymphocyte death. In fact, it has 
10 been suggested that GCH could participate in the regulation of T cell selection and 
contribute, together with other stimuli, (such as Ag/TCR interaction, cytokines and co- 
accessory molecules) in the complex selection network involved in the control of T-cell 
survival (Migliorati ci aL I993: Nieto ulaL I'M): Nieto and l.opez-Rivas. 1 98°; Cohen 
and Duke. I084; Wyllie, 1 980). 
1 5 The experimental results, in accordance with the present invention, thus describe 

the identification of a gene coding for a new molecule. GILR. of the Leucine zipper 
family which may be involved in the regulation of cell death. 

The present invention therefore concerns, in one aspect, novel GILR proteins 
which are capable of mediating or moriulaling the inlmeelUilar Fas-mediated eel! death 
20 or apoptosis pathways and possibly also cell survival pathways in which Fas plays a role 
as detailed herein above. This GILR appears to be an inhibitor ofapoptosis activated by 
the triggering of the CD3/TCR complex as well ns an inhibitor of Fas/FasL expression 
and u such GILR may play a key role in rescuing cells from cell death. 

More particularly, in accordance with the present invention, a new protein GILR 
25 has been disclosed, which is involved in both the cell death pathway intracellular^, and 
may also be involved in intracellular cell survival pathways. Hence, regulation or control 
of the activity of GILR can regulate either or both of these pathways when such 
pathways are initiated, by for example, the activation of the CD3/TCR pathways or even 
the binding of TNF or Fas-ligand to their receptors (for TNF. the p55-R in particular), 
30 which are known to activate both cell death and eel! survival pathways, the extent of 
activation of the one pathway in comparison to ihc other possibly determining the final 
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ouicome or the. for example. C03/TCR comply TNF- or Fas-ligand-induced 
intracellular events, i.e. whether Hie cell dies or survives. As GILR appear, to directly 
effect (i.e. inhibit) Fas/FasL expression it appeal to be more ciirccrly related to 
protecting cells from cell death. Thus, the GILR protein of the present invention 
5 represents an important intracellular modulator or mediator, especially as regards 
apoptosis. 

Due to the unique ability of Fas. CDVTCR and the TNF receptors to cause cell 
death, as well as the ability of the TNF receptors to trigger various other tissue- 
damaging activities, aberration of the function of these receptors can be particularly 
10 deleterious to the organism. Indeed, both excessive »nd deficient function of these 
receptors have been shown to contribute to (he pathological manifestations of various 
leases. Identifying molecules that take pan in the regulation of the expression as well 
as the signaling activity of these receptors, and finding way* to modulate the function of 
these molecules, constitutes a potential clue for new therapeutical approaches to these 
15 diseases. In view of the suspected important role of GII.R in Fas and possibly also p55- 
TNF receptor toxicity due to the inter-relationship or cross-talk between Fas and p55- 
TNF receptors, it seems particularly important to design drugs that can block the 
cytotoxic function of the Fas, CD3/TCK and other aforesaid mediators, possibly by way 
of increasing GILR expression or otherwise increasing the amounts of GILR. This would 
20 allow for the enhancement/augmentation of the rescue of cells from cell death in those 
pathological conditions where cell death should be reduced, eg. in inflammation, various 
autoimmune diseases and the like where increased cell survival is sought. 

Conversely, when it is desired to leal- cells, for example cancer cells. HIV-infected 
cells and the like, it would be desirable u. enhance the cytotoxic effects of Fas. 
25 CD3/TCR, pSS-TKF receptor (and their associated proteins such as, for example, 
MORT-I, MACH. Mch4. TRADD). and this by reducing the expression or amounts of 
GILR. 

The present invention also concerns the UNA sequence encoding a GILR protein 
and the GILR proteins encoded by the DNA sequences. 
30 Moreover, the present invention further concerns the DNA sequences encoding 

biologically active isoforms, analogs, fragments and derivatives of the GILR protein, and 
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the isotbrms, analogs, fragments and derivatives encoded 1 hereby. The preparation of 
such analogs, fragments and derivative?; is by standard procedure (sec for example, 
Sambrook et al. % 1989) in which in the DNA sequences encoding the GILR protein, one 
or more codons may be deleted, added or substituted by another, to yield analogs having 
at least one amino acid residue change with respect in the native protein. 

Of the above DNA sequences of the invention which encode a GILR protein, 
isoform, analog, fragment or derivative, there is also included, as an embodiment of the 
invention. DNA sequences capable of hybridizing with a cDNA sequence derived from 
the coding region of a native GILR protein, in which such hybridization is performed 
under moderately stringent conditions, and which hybridizable DNA sequences encode a 
biologically active GILR protein. These hybridizable DNA sequences therefore include 
DNA sequences which have a relatively high homology to the native GILR cDNA 
sequence and as such represent GILR-like sequences which may be. for example, 
naturally-derived sequences encoding the various GILR isolbrms. or naturally-occuring 
sequences encoding proteins belonging to a group ol GILR-like sequences encoding a 
protein having the activity of GILR. Further, these sequences may also, for example, 
include non-nnrurally occuring. synthetically produced sequences, that are similar to the 
native GILR cDNA sequence but incorporate a number of desired modifications. Such 
synthetic sequences therefore include all of the possible sequences encoding analogs, 
fragments and derivatives of GILR. all of which hove the activity of GILR. 

To obtain the various above noted naturally occuring GILR-like sequences, 
standard procedures of screening and isolation of naturally-derived DNA or RNA 
samples from various tissues may be employed using the natural GILR cDNA or porrion 
thereof as probe (see for example standard procedures set forth in Sambrook et at. 
1989). 

Likewise, to prepare the above noled various synthetic GILR-like sequences 
encoding analogs, fragments or derivatives ofGII.K, a number of standard procedures 
may be used as are detailed herein below concerning I he preparation of such analogs, 
fragments and derivatives. 

A polypeptide or protein "substantially corresponding" to GILR protein includes 
not only GILR protein but also polypeptides or proteins thai are analogs of GILR. 
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Analogs that substantially correspond 10 GILR protein arc those polypeptides in 
which one or more amino acid of the GII.R protein's nmino acid sequence has been 
replaced with another amino acid, deleted and/or inserted, provided that the resulting 
protein exhibits substantially the same or higher biological activity as the GILR protein to 
5 which it corresponds 

In order to substantially correspond to GILR protein, the changes in the sequence 
of GILR proteins, such as isoforms are generally relatively minor. Although the number 
of changes may be more than ten, preferably there are no more than ten changes, more 
preferably no more than five, and most preferably no more than three such changes. 

10 While any technique can be used to find potentially biologically active proteins which 
substantially correspond to GILR proteins, one such ieehtiii|uc is the use of conventional 
mutagenesis techniques on the DNA encoding the protein, resit I Ling in a few 
modifications. The proteins expressed by such clones can then be screened for their 
ability to bind to GILR and to modulate GILR activity in modulation/mediation of the 

15 intracellular pathways noted above. 

"Conservative" changes arc those changes which would not be expected to 
change the activity of the protein and are usually the first to be screened as these would 
not be expected to substantially change the size, charge or configuration of the protein 
and thus would not be expected to change the biological properties thereof. 

20 Conservative substitutions of GILR proteins include an analog wherein at least 

one amino acid residue in the polypeptide has been conservatively replaced by a different 
amino acid. Such substitutions preferably are made in accordance wirh the following list 
as presented in Table lA, which substitutions may be determined by routine 
experimentation to provide modified structural and functional properties of a synthesized 

25 polypeptide molecule while maintaining the biological activity characteristic of GILR 
protein. 

* 

Table IA 



Original 
Rfiskilie 



Kxcmp hirv 
Substitution 



Ala 


CilyiSor 


Arg 


Lys 


Asn 


Glnjlis 


Asp 


Glu 


Cys 


Scr 


Gin 


Asn 


Glu 


Asp 


Gly 


Alfcl'ro 


His 


Asn.GIn 


lie 


Lcu:V:il 


Leu 


llc:Vul 


Lys 


Arii:Gln;Glu 


Met 


l.cu;Tyr;lle 


Phc 


Mci:Leu:Tyr 


Ser 


Thr 


Thr 


Scr 


Trp 


Tyr 


Tyr 


Tip; Phc 


Val 


lle:Leu 



Alternatively, another group of substitutions -of (ill.R protein arc those in which 
at least one amino acid residue in the polypeptide h;is been removed and a different 
residue inserted in its place according to the following Tabic IB. The types of 
25 substitutions which may be made in the polypoplide may he based on analysis of the 
frequencies of amino acid changes between a homologous protein of different species, 

c 

such as those presented in Table 1-2 of Scluil?. el aL GM.. Principles of Protein 
Structure Springer- Verlag, New York. NY, ? 70S, and Figs. .1-0 of Creiuhton, y:£, 
Proteins: Structure and Molecular Properties, W.H. Freeman & Co.. San Francisco, CA 
30 1983. Based on such an analysis, alternative conservative substitutions are defined 
herein as exchanges within one of the following live groups; 
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TABLE IB 

1. Small aliphatic, nonpolar or slightly polar residues: Ala, Ser, Thr 
5 (Pro, Oly); 

2. Polar negatively charged residues and their amides: Asp. Asn, GIu, 
Gin; 

3. Polar, positively charged residues: 
His, Arg, Lys; 

10 4. Large aliphatic nonpolar residues: 

Met, Leu, Ne, Val (Cys); and 
5. Large aromatic residues: I'hc. Tyr. Trp. 

The three amino acid residues in parentheses above have special coles in protein 

15 architecture. Gly is the only residue lacking any side chain and thus imparts flexibility to 
the chain. This however tends to promote (he formal ion nf secondary structure other 
than a-helical. Pro, because of its unusual geometry % lightly constrains the chain and 
generally tends to promote R-turn-likc structures, although in some cases Cys can be 
capable of participating in disulfide bond formation which is important in protein folding, 

20 Note that Schulz ct ai,, supra* would merge Groups I and 2, above. Note also that Tyr, 
because of its hydrogen bonding potential, has significant kinship with Ser, and Thr, etc. 

Conservative amino acid substitutions according to the present invention, e.g., as 
presented above, are known in the an and would be expected to maintain biological and 
structural properties of the polypeptide after amino acid substitution. Most deletions and 

25 substitutions according to the present invention are those which do nor produce radical 
changes in the characteristics of the protein or polypeptide molecule. "Characteristics 1 ' is 
defined in a non-inclusive manner to define both changes in secondary structure, e.g. a- 
helix or B-sheet, as well as changes in biological activity, e.g., inhibition of apoptosis 
mediated by CD3/TCR. Fas and other mediators, by GII.R. 

30 Examples of production of amino acid substitutions in proteins which can be used 

for obtaining analogs of GILR proteins for use in the present invention include any 
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known method steps, such as presented in U.S. patent RE 33,653, 4,959,314, 4.588,585 

and 4,737,462, to Mark et al.; 5 J 16,943 tn Koihs et aL 4,065,195 to Namen et al; 

4,879,111 to Chong cr al.; and 5,017,691 to Lee et al.; ami lysine substituted proteins 

presented in U.S. patent No. 4,904,5 $4 (Shaw ci ;tl.). 
5 Besides conservative substitutions discussed above which would not significantly 

change the activity of G1LR protein, either conservative substitutions or less 

conservative and more random changes, which lead to an increase in biological activity 

of the analogs of GILR proteins, are intended to be within the scope of the invention. 

When the exact effect of the substitution or deletion is to be confirmed, one 
10 skilled in the art will appreciate that the effect of the siibsiiluiion(s). deletion(s), etc., will 

be evaluated by routine binding and cell death assays. Screening using such a standard 

test does not involve undue experimentation. 

Acceptable GILR analogs arc those which retain at least the capability of 

inhibiting apoptosis induced by CD3/TCR and/or Fas, or alternatively, those analogs 
15 which have no such inhibitory activity and serve rather ns competitive antagonists of 

normal GILR molecules. Such antagonosls are useful in situations where it is desired to 

enhance apoptosis. 

In such a way, analogs can be produced which have a so-called dominant- 
negative effect, namely, an analog which is defective in inhibiting CD3/TCR-induced 

20 apoptosis or Fas/FasL expression. Further, analogs having a so-called dominant-positive 
effect can be produced which have a greater than normal GILR capability for inhibiting 
apoptosis induced by CD3/TCR or Fas/FasL. these being particularly useful when it is 
desired to enhance cell survival in certain instances as noted above. 

At the genetic level, these analogs are generally prepared by .site-directed 

25 mutagenesis of nucleotides in the DNA encoding the GILR protein, thereby producing 
DNA encoding the analog, and thereafter synthesizing the DNA and expressing the 
polypeptide in recombinant cell culture. The analogs typically exhibit the same or 
increased qualitative biological activity as the naturally occurring protein, Ausubel al at.. 
Current Protocols in Molecular Biology. Greene Publications and Wihy hucryctcncc, 

30 New York NY. 1987-1995; Sambrook vt crf„ Molecular Cloning: A Laboratory Manual, 
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, 1 989. 
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Prepararion of a GILK protein in accordance herewith, or an alternative 
nucleotide sequence encoding the same polypeptide hut differing from the natural 
sequence due to changes permitted by the known degeneracy of the genetic code, can be 
achieved by site-specific mutagenesis of DNA thai encodes an earlier prepared analog or 
5 a native version of a GILR protein. Site-specific mutagenesis allows the production of 
analogs through the use of specific oligonucleotide sequences that encode the DNA 
sequence of the desired mutation, a* well as a suificient number of adjacent nucleotides, 
to provide a primer sequence of sufficient size and sequence complexity to form a stable 
duplex on both sides of the deletion junction being traversed. Typically, a primer of 
10 about 20 to 25 nucleotides in length is preferred, with about 5 to 10 complementing 
nucleotides on each side of the sequence being altered. In general, the technique of site- 
specific mutagenesis is well known in the art, as exemplified by publications such as 
Adelman ttt uL, DNA 2*. 1 S3 (1 983), the disclosure of .which is incorporated herein by 
reference. 

15 As will be appreciated, the site-specific mutagenesis technique typically employs 

a phage vector that exists in both a single-stranded and douhle-stranded form. Typical 
vectors useful in site-directed mutagenesis include vectors such as the M13 phage, for 
example, as disclosed by Messing cf uL % Third (.Iwkmd Syirtposhtm on 
Macromofecufcs and Rccowhliiuni DNA* Editor A Walton, Elsevier. Amsterdam 

20 (1981), the disclosure of which is incorporated herein by reference. These phage are 
readily available commercially and their use is generally well known to those skilled in 
the art. Alternatively, plasmid vectors that contain n single-stranded phage origin of 
replication ( Veira ef ol. % Mrfh. fwzymoL 153:3, l c .>K7) maybe employed to obtain single- 
stranded DNA. 

25 In general, site-directed mutagenesis in accordance herewith is performed by first 

obtaining a single-stranded vector that includes wiiliin its sequence a DNA sequence that 
encodes the relevant polypeptide. An oligonucleotide primer hearing the desired mutated 
sequence is prepared synthetically by automated DNA/oligonuclcotide synthesis. This 
primer is then annealed wiih the single-stranded proicin-sequence-containing vector, and 

30 subjected to DNA-poiymerizing enzymes such as A. <"// polymerase I Ktcnow fragment, 
to complete the synthesis of the mutation-bearing strand. Thus, a mutated sequence and 
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the second strand bears the desired mutation. This hctcroduplex vector is then used to 
transform appropriate cells, such as K cofi JMIOl cells., and clones are selected that 
include recombinant vectors bearing the mutated sequence arrangement. 

After such a clone is selected, the mutated Gil .R protein sequence may be 
5 removed and placed in an appropriate vector, generally a transfer or expression vector of 
the type that may be employed for transaction of an appropriate host. 

Accordingly, gene or nucleic acid encoding for a GILR protein can also be 
detected, obtained and/or modified, /// W/rw, in situ and/or /;/ Wvw, by the use of known 
DNA or RNA amplification techniques, such as PCR and chemical oligonucleotide 

1 0 synthesis. PCR allows tor the amplification (increase in number) of specific DNA 
sequences by repeated DNA polymerase reactions. This reaction can be used as a 
replacement for cloning; all that is required is a knowledge of the nucleic acid sequence. 

In order to carry out PCR, primers are designed which are complementary to the 
sequence of interest. The primers are then generated hy automated DNA synthesis. 

15 Because primers can be designed to hybridize to any part of the gene, conditions can be 
created such that mismatches in complementary base pairing can be tolerated. 
Amplification of these mismatched regions can lead io the synthesis of a mutagenized 
product resulting in the generation of a peptide with new properties (i.e.. site directed 
mutagenesis). See also, e.g., Ausubel. supra. Ch. 1 6. Also, by coupling complementary 

20 DNA (cDNA) synthesis, using reverse transcriptase, with PCR, RNA can be used as the 
starting material for the synthesis of the extracellular domain of a prolactin receptor 
without cloning. 

Furthermore, PCR primers can be designed to incorporate new restriction sites or 
other features such as termination codons at the ends of the gene segment to be 
25 amplified. This placement of restriction sites at the .V and .V ends of the amplified gene 
sequence allows for gene segments encoding GII.R protein or a fragment thereof to be 
custom designed for ligation other sequences and/or cloning sites in vectors. 

PCR and other methods of amplification of RNA and/or DNA arc well known in 
the art and can be used according to the present invention without undue 
30 experimentation, based on the teaching and guidance presented herein. Known methods 
of DNA or RNA amplification include, hut are not limited to polymerase chain reaction 
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(PCR) and related amplification processes (sec. e.g., U.S. patent Nos. 4,683,195, 
4,683,202, 4,800,159, 4,965,188. to Mil Hi* tv ul.\ 4,7 f J5,0O0 and 4,921,794 to Tabor 
al.\ 5,142,033 to Innis; 5,122,464 to Wilson cf uL: 5,091.310 to Imiis; 5,066,584 to 
Gyllcnsten vt aL\ 4,889,818 to Gelfand cf al.\ 4.904,370 io Silver cf <//.; 4,766,067 to 
5 Biswas; 4,656, 1 34 to Ringold: and Innis el <■#/., eds., f'( */{ l'rofocn/.\; A (hiidc to Method 
and Applications) and RNA mediated amplification which uses ami-sense RNA to the 
target sequence as a template for double stranded f)NA synthesis (U.S. patent No. 
5,130,238 to Malek cf oI. % with the tradename: NASBA); and immuno-PCR which 
combines the use of DNA amplification with Antibody labeling (Ruzicka ct at.. Science 
1 0 260:487 ( 1 993); Sano cf aL , Science 2£8: 1 20 ( 1 992); Suno vi <t/. , Hmtcchiiiqitcs 9: 1 378 
(199)), the entire contents of which patents and reference are eniirely incorporated 
herein by reference 

In an analogous fashion, biologically active fragments of GILR proteins (e.g. 
those of any of the GILR or its isoforms) may be prepared as noied ahovc with respect 

15 to the analogs of GILR proteins. Suitable fragments of Gil. R proteins are those which 
retain the GILR activity as noted above Accordingly, GILR protein fragments can be 
prepared which have a dominant-negative or a dominant-positive effect as noted above 
with respect to the analogs. It should be noted that these fragments represent a special 
class of the analogs of the invention, namely, they arc defined portions of GILR proteins 

20 derived from the full GILR protein sequence (e.g., from thai of any one ofthe GILR or 
its isoforms), each such portion or fragment having ;iny of the above-noted desired 
activities. Such fragment may be, e.g., a peptide. 

Similarly, derivatives may be prepared by standard modifications of the side 
groups of one or more amino acid residues of the GILR protein, its analogs or 

25 fragments, or by conjugation ofthe GILR protein, its analogs or fragments, to another 

molecule e.g. an antibody, enzyme, receptor, etc.. as are well known in the art. 

* 

Accordingly, "derivatives 11 as used herein covers derivatives which may be prepared from 
the functional groups which occur as side chains or. the residues or the N- or C-lerminal 
groups, by means known in the art. and are included in the invention. Derivatives may 
30 have chemical moieties such as carbohydrate or phosphate residues, provided such a 
fraction has the same or higher biological activity as GILR proteins. 
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For example, derivatives may include aliphatic esters of the cnrboxyl groups, 
amides of the carboxyl groups by reaction with ammonia or with primary or secondary 
amines, M-acyl derivatives or free amino groups of the amino acid residues formed with 
acyl moieties (e.g.. alkanoyl or carbocyclic aroyl groups) or O-acyl derivatives of free 
5 hydroxyl group (for example that of scryl or thrconyl residues) formed with acyl 
moieties. 

The term "derivatives" is intended to include only those derivatives that do not 
change one amino acid to another of the twenty commonly occurring natural amino 
acids. 

10 GILR is a protein or polypeptide, i.e. a sequence of amino acid residues. A 

polypeptide consisting of a larger sequence which includes the entire sequence of a GILR 
protein, in accordance with the definition* herein, is intended to he included within the 
scope of such a polypeptide, as long as the additions do not affect the basic and novel 
characteristics of the invention, i.e.. if they cither retain or increaae the biological activity 
1 5 of GILR protein or can be cleaved to leave a protein or polypeptide having the biological 
activity of GILR protein. Thus, for example, the present invention is intended to include 
fusion proteins of GILR protein with other amino acids or peptides 

The new GILR protein, their analog, fragments and derivatives thereof, have a 
number of possible uses, for example: 
20 (i) GILR protein, its isota*. analogs, fragments and derivatives may he used to 

enhance/augment the inhibition of apoptosis mediated or induced by CD3/TCR. 
Fas/FasL. or any other related apoptosis mediators noted above. Such inhibition of 
apoptosis is particularly desirable in cases like, for example, tissue damage in septic 
shock, graft-versus-host rejection, acute hepatitis and various autoimmune and 
25 inflammatory diseases, in which it is dcaired to block .poptopic cell death mediated by 
Fas/FasL, CD3/TCR, or any other mediators. Thus, in view of the biological properties 
of the leucine zipper family to which GILR belongs and the functional knowledge of 
GILR itself. GILR. its isoforms, analogs, fragments or derivatives can he used to 
stimulate lymphocyte activity and enhance the rescue of cell, from cell death by 
30 apoptosis. 
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This may be achieved by, for example, introducing GILR or any of its suitable 
isoforms, analogs, fragments or derivatives into cells by standard procedures known/*-/ 
se. Likewise, it is possible to construct a suitable fusion protein (this being one such 
GILR derivative) comprising the leucine zipper nnd/or prol'me-rich sequence of GILR 
5 and introducing this fusion protein into the cells by standard procedures, in which cells 
the fusion protein will exert its effect by. for example, interaction with other intracellular 
proteins, leading to enhanced inhibition of apoptosis. 

To introduce the GILR protein, isoforms. analogs, fragments and derivatives 
(including the above fusion protein) into cells, there are a number of possible ways to do 
1 0 this : For example, it is preferable to introduce such G 1 1 .R specifically into cells, such as 
T lymphocytes, in which the CD3/TCK and/or fas/lasl. systems arc expressed and 
active in inducing apoptosis. One way of achieving this is to prepare a recombinant 
animal virus, e.g. one derived from Vaccinia, into which viral DNA will be introduced at 
least the following two genes : (i) the gene encoding a ligand that binds to cell surface 
15 proteins specifically expressed by the cells, e.g. ones present on the surface of T 
lymphocytes so that the recombinant virus vector will be capable of binding such T 
lymphocytes; and (ii) the GILR gene encoding the GII.R protein. Thus, expression of the 
cell-surface binding protein (ligand) on the surface of the virus will target the virus 
specifically to the T lymphocytes, following which ihe GlLR-encoding sequence will be 
20 introduced into the cells via the virus, and once so-expressed will inhibit apoptosis in 
these cells. In an analogous way encapsulated plnsmiris as are known in the art, may also 
be used for specific targeting of GlLR-encoding plasmids/vectors to the cells in which 
the capsule allows for specificity of targeting and the plasmid DNA carries the GILR 
coding sequence to be expressed in the cells Construction of such recombinant animal 
25 viruses or encapsulated plasmids are by standard procedures (sec for example. Sambrook 
etal., 1989). 

Another possibility of introducing DNA sequences encoding GILR including its 
isoforms. analogs, fragments and derivatives (including the above noted fusion proteins 
into cells is in the form of oligonucleotides which can be absorbed by the cells and 
30 expressed therein. Such a method is preferable when the cells to he treated, e.g. T 
lymphocytes, are treated in viiru with the aim of reintroducing such treated (rescued) 
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cells back into the patient. Likewise, it is also possible to prepare, tor example, a soluble 
GTLR protein and introduce this into T cells hi Wm, or in iiVrocluce the above noted 
viral vectors or encapsulate ptasmids encoding GIL.U into T cells xntro to bring about 
increased levels of G1LR or C1LR expression in these cells and then reintroduce them 

5 into the patient. 

Similarly, for example. T lymphocyte* can be treated /// »wr, or in vitro with a 
peptide mimicking GILR activity (e.g. inhibition of apontosi*) in thee instances where it 
is desired to inhibit apoptosis. e.g. in inflammatory and autoimmune diseases, or acute 
hepatitis, or the like. 

10 It should also be noted that proteins of the leucine zipper family to which GILR 

belongs, also appear to have the ability to stimulate lymphocyte activity (this being in 
addition to GILR's ability to inhibit apoplosis). Thus, in certain situations where the 
- ; activation of lymphocytes is more important than the inhibition of apoptosis, GILR may 

also be used to Stimulate lymphocytes. For sample it has been found .hat in certain 
15 neoplastic (cancers) and immunodeficiency (including AIDS) diseases, there are 
unresponsive or low-leve! responsive T-lymphoeytes in the patients, such as in various 
tumor-infihrating T-lymphocytes. Thus, while it is desired to kill the tumor or HIV- 
infected cells by inducing increased apoptosis in these cells (e.g. by actually inhjbmns 
GILR specifically in these diseased cells), it is however, not less de>irahle (if not more 
20 desirable) to specif.cally stimulate the activation of T-lymphocyte, in these patient*, 
which T-lymphocytes when activated may be more effective in combatting the tumor 
cells or overcoming the immunodeficiency caused by the HIV infection. Hence, in such 
situations it would be desirable to increase the amounts of GILR or GILR expression in 
J such T lymphocytes hi vivo or in vitro, which can be achieved by any of the ways noted 

25 above. T cells treated in vitro will then be transferred back into the patient 

This way of combatting diseased cells by stimulating lymphocytes has been used 
in other systems in which it was crucial to provide co-stimulation of T-cells. This 
approach of using GILR. its isoforms, analog*, fraen.cn..* and derivatives to treat cells to 
stimulate T-cell activation and also, at the same time, to enable these cells to resist 
30 apoptosis (due to high GILR levels in the treated cells) is particularly useful in, for 
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example. melanomas, in which the tumor cells kill cytotoxic T lymphocytes through the 
Fas/FasL system interaction. 

Direct treatment of cells, other (h»n T lymphocytes, with G1LR, its isoforms, 
analogs, fragments or derivatives, either by hi vitm or in viva methods (the in vitro 
5 treatment followed hy reintroduction of treated cells into the patient), in the various 
possible ways as noted above, is also important in various other diseases. For example, in 
acute hepatitis, liver cells die via apopiosis mediated by Fas/FasL system expression, 
which Fas/FasL system expression appears to induce and maintain the disease (see Galle 
et al., 1995). Increasing G1LR levels or GILR expression specifically in these diseased 
1 0 liver cells should provide an effective way for treating this disease. 

(ii) Conversely, in many instances it may be desirable to inhibit immune cell 
stimulation and to increase apoptopic cell death mediated by Fas/FasL, CD3/TCR or 
other mediators. For example, in various anti-tumor. anti-IHV. ami -inflammatory 
applications the diseased cells may be specifically killed by increasing the levels of 
15 induced apoptosis. e.g. increased Fas/FasL system expression. In such cases it would 
therefore be desirable to specifically inhibit Gll.R expression or levels in these cells, and 
in this way to reduce the inhibition of Fas/Fast, system expression to provide, ultimately, 
higher levels of Fas/FasL system expression and higher levls of cell death via apoptosis. 

To achieve inhibition of GILR expression or activity in such cells a number of 
20 possible ways exist : It is possible to introduce into the cells, by standard procedures, 
oligonucleotides having the anti-sense coding sequence lor the GILR protein, which 
would effectively block translation of mRNAs encoding GILR, thereby blocking GILR 
expression and leading to increased levels of Fas/Fasl . system expression and apoptosis. 
Such oligonucleotides may be introduced into the cells using the above recombinant virus 
25 approach, the second sequence carried by the virus heing the oligonucleotide sequence. 

Another possibility is to use antibodies specific for the GILR protein to inhibit its 
intracellular activity 

Yet another way of inhibiting the activity of GILR is by the recently developed 
ribozyme approach. Ribozymes are catalytic RNA molecules thai specifically cleave 
30 RNAs. Ribozymes may he engineered to cleave tui^ci RNAs of choice, e.g., the mRNAs 
encoding the GILR protein of the invention. Such ribozymes would have a sequence 
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specific for the GILR protein mRNA and would he capable of interacting therewith 
(complementary binding) followed by cleavage of the mRNA, resulting in a decrease (or 
complete loss) in the expression of the CU R protein, the level of decreased expression 
being dependent upon the level ofribozyme expression in the target cell. To introduce 
5 ribozymes into the cells of choice, any suitable vector may be used, e.g.. plasmid, animal 
virus (retrovirus) vectors, that are usually used for this purpose (sec also (i) above, 
where the virus has. as second sequence, a cDNA encoding the ribozyme sequence of 
choice). (For reviews, methods etc. concerning ribozymes see Chen et al.. 1992; Zhao 
and Pick, 1993; Shore et al.. 199.1; Joseph and Rurke. 1993; Shimayama et al.. 1993; 
10 Cantor ct al., 1993: Barinaga. 1993, Crisell et nl.. I '>•>.» and Koizumi et al., 1993). 

Moreover, to inhibit GILR expression, it is also possible to introduce, by the 
various ways noted above, a mutated GILR protein or DNA sequence encoding a 
mutated GILR. into cells, which mutated GILR would compete with normal GILR in 
these cells and effectively inhibit normal GILR activity 
15 Likewise it is also possible to inhibit GILR activity in cells by treating such cells 

with a peptide that binds the leucine, zipper domain of GILR thus inhibiting the activity of 
GILR. Such a peptide may be prepared by standard means and introduced into the cells 
by standard procedures. 

(iii) The GILR protein, its analogs, fragments nr derivatives may also be used to 
20 isolate, identify and clone other proteins of the same class, i.e., those belonging to the 
leucine-zipper family or those which bind to GILR and which are involved in the 
intracellular signaling processes, e.g. inhibition of apoptosis. In this application the 
above noted (and detailed below in Example I ) subtraction probe technique may be used, 
or there may be used a recently developed system employing non-stringent Southern 
25 hybridization followed by PGR cloning (Wilks et al., I9R9). In the Wilks et al. 
publication, there is described the identification and cloning, of two putarive protein- 
tyrosine kinases by application of non-stringent southern hybridization followed by 
cloning by PCR based on the known sequence of "he kinase motif, a conceived kinase 
sequence. This approach may be used, in accordance with the present invention using 
30 the sequence of the GILR protein to identify and clone those, of related proteins, 
including GILR-binding proteins. Likewise, the now standard and well known yeast-two 
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hybrid system may be employed to specifically isolate and clone those proteins capable of 
specifically binding to GILR. 

(iv) Yet another approach to utilizing I he GILR protein, or its analogs, 
fragments or derivatives thereof, of the invention is to use them in methods of affinity 
5 chromatography to isolate and identity other proteins or factors to which they are 
capable of binding, e.g.. other proteins or factors involved in the intracellular signaling 
process. In this application, the GILR protein, its am.logs, fragment* or derivatives 
thereof, of the present invention, may be individually attached to affinity chromatography 
matrices and then brought into contact with cell extracts or isolated proteins or factors 
10 suspected of being involved in the intracellular signaling process. Following the affinity 
chromatography procedure, the other proteins or factors which hind to the GILR 
protein, or its analogs. Fragments or derivatives thereof of the invention, can be eluted. 
isolated and characterized. 

(v) As noted above, the GILR protein, or its analogs, fragments or derivative* 
1 5 thereof, of the invention may also be used as imnmnouens (antigens) to produce specific 
antibodies thereto These antibodies may also be used for the purposes of purification of 
the GTLR protein (e.g., GILR nr any of its isolbmuO either from cell extracts or from 
transformed cell lines producing GILR protein, or its analogs or fragments. Further, 
these antibodies may be used for diagnostic purposes for identifying disorders related to 
20 abnormal functioning of the GILR protein. 

It should also be noted that the isolation, identification and characterization of the 
GTLR protein of the invention may be performed using any of the well known standard 
screening procedures. For example, one of these screening procedures, the subtraction 
probe technique was used as is set forth herein below. The yeast two-hybrid system may 
25 also be used (sec, for example. Boldin et nl., l005«, h. and references therein). Likewise 
as noted above and below, other procedures mny he employed such as^ affinity 
chromatography, DMA hybridization procedures, etc. as are well known in the art. to 
isolate, identify and characterize the GILR protein of the invention or to isolate, identify 
and characterize additional proteins, factors, receptors, etc which are capable of binding 
30 to the GILR proteins of the invention. 
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As set tbnh hereinabove, the GILR protein may be used to generate antibodies 
specific to GILR proteins, e.g.. GILR and its isolbrms. These antibodies or fragments 
thereof may be used as set forth hercinbelow in detail, it being understood that in these 
applications the antibodies or fragments thereof are those specific for GILR proteins. 
5 Based on the findings in accordance with the present invention that GILR is a 

modulator (inhibitor) of Fas/FusL expression and CD3/TCR system and can thus 
mediate/modulate cell death (apoptosis) pathways it is of importance to design drugs 
which may enhance or inhibit the GILR activity, as desired. There are many diseases in 
which such drugs can be of great help. Amongst others, acute hepatitis in which the 
10 acute damage to the liver seems lo reflect Fas/Fasl .-mediated death of the liver cells; 
autoimmune-induced cell death such as the death of the M l.angerhnns cells of the 
pancreas, thai results in diabetes; the death of cells in graft rejection (e.g., kidney, heart 
and liver); the death of oligodendrocytes in the brain in multiple sclerosis; and A.IDS- 
inhibited T cell suicide which causes proliferation of the AIDS virus and hence the AIDS 
15 disease. In such cases it is desired to enhance GILR activity as noted above and in this 
way to block Fas/FasL activity and reduce cell death. However, in other cases as noted 
above it is desirable to block GILR activity in order ro ultimately increase cell death. 

With respect to such inhibitors, it is possible that one or more of the possible 
isoforms of GILR may serve as "natural" inhibitors of GILR activity and these may thus 
20 be employed as the above noted specific inhibitors of GILR, Likewise, mutant. GILR 
proteins and other substances such as peptides, organic compounds, antibodies, etc. may 
also be screened to obtain specific drugs which arc capable of inhibiting the activity of 
GILR. for example peptides capable of binding to the leucine ripper domain of GILR. 

A non-limiting example of how peptide inhibitors of GILR would be designed 
25 and screened is based on previous studies on peptide inhibitors of ICE or ICE-hke 
proteases, the substrate specificity of ICE and strategies for epitope analysis using 
peptide synthesis. The minimum requirement for efficient cleavage of peptide by ICE was 
found to involve four amino acids to the led of the cleavage site with a strong preference 
for aspartic acid in the P, position and with methyhiminc being sufficient lo the right of 
30 the P, position (Sleath el al . IW; Howard el al., 1001; Thornberry et al.. 1992). 
Furthermore, the tluorogenic substrate peptide (a teuv.pe.pt ide).. acetyl- Asp-Glu-Val- Asp- 
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a-<4-methyl-coumaryl-7-amide) abbreviated Ac-OEVD-AMC, corresponds to a 
sequence in poly (ADP-ribosc) polymerase (PARP) Unmet to be cleaved in cells shortly 
after Fas stimulation, as well as other apoptopic processes (Kaufmann. I9R9; Kaufmann 
et al., 1993: Lazebnik et al., 1994), and is cleaved effectively by CPP32 (a member of the 
5 CED3/1CE protease family) and MAC 1 1 proteases 

As Asp in the P, position of the substrate appears to be important, tetrapeptides 
having Asp as the fourth amino acid residue and various combinations of amino acids in 
the first three residue positions can be rapidly screened for binding to the active site of 
the proteases using, for example, the method developed by Geyscn (Geysen, 1985; 
10 Geysen et al.. 19S7) where a large number of peptides on solid supports were screened 
for specific interactions with antibodies. The binding of GIl.K to specific peptides can be 
detected by a variety of well known detection methods within the skill of those, in the art. 
such as radiolaheling of the GILR. etc This method of Gcysen's was shown to be 
capable of testing at least 4000 peptides each working cl;iy. 
•I 5 in a similar way the exact binding region or region of homology which 

determines the active site of GILR or its leucine zipper domain can be elucidated and 
then peptides may be screened which can serve to block active site or domain, e.g. 
peptides synthesized having a sequence similar to that of the active site or zipper domain 
region or complementary thereto which can compete with natural GILR 
20 Since it may be advantageous to design peptide inhibitors that selectively inhibit 

GILR interactions without interfering with other physiological cell processes, the pool of 
peptides binding to GILR in an assay such as the one described above can be further 
synthesized as a lluorogenic substrate peptide to lesi for selective binding to other 
proteins to select only those specific tor GILR. Peptides which are determined to be 
25 specific for GILR can then be modified to enhance cell permeability and enhance 
apoptosis by inhibiting GILR either revcrsibly or irreversibly. Thornberry el al. (1994) 
reported that a teirapeptidc (acylnxy) methyl ketone Ac-Tyr-Val-Aln-Asp-CHjOC (0> 
[2,6-(CF.0a] Ph was a potent inaclivaior or ICE. Similarly. MiWgan et al. (1995) reported 
that tetrapepride inhibitors having a ehloromelhytkeione (irreversibly) or aldehyde 
30 (reversibly) groups inhibited ICH. In addition, a ben*yloxycnrboxyl-Asp-CH a OC (O) - 
2.6-dichlorobenzenc (DCB) was shown to inhibit ICR (Mashima et al.. 1995). 
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Accordingly. in an analogous way, tetrapcptides thai selectively hind to G1LR can be 
modified with, for example, an aldehyde group, chloroinethylketone.(acyloxy) methyl 
ketone or a CH 2 OC (O)-DCB group to create a peptide inhibitor of GILR activity. 
Further, to improve permeability, peptides can he. Ibr example, chemically modified or 
5 derivatized to enhance their permeability across the cell membrane and facilitate the 
transport of such peptides through the membrane and into the cytoplasm. Muranishi ct 
al. (1991) reported derivatiring thyrotropin-relcasing hormone with lauric acid to form a 
lipophilic lauroyl derivative with good penetration characteristics across cell membranes. 
Zacharia et al. (1091) also reported the oxidation of methionine to sulfoxide and the 
10 replacement of the peptide bond with its ketomethylcne isoesier (COCH a ) to facilitate 
transport of peptides through the cell membrane. These are just some of the known 
modifications and derivatives that arc well within vhc skill of those in the art.. 

Furthermore, drug or peptide inhibitors, which are capable of inhibiting the 
activity of GILR and enhancing cell death via apopiosis car. be conjugarcd or completed 
15 with molecules that facilitate entry into the cell. 

U.S. Patent 5,149,782 discloses conjugating a molecule to be transported across 
the cell membrane with a membrane blending ageni such as fusogenic polypeptides, ion- 
channel forming polypeptides, other membrane polypeptides, and long chain fatty acids, 
e.g. myristic acid, palmitic acid These membrane blending agents insert the molecular 
20 conjugates into the lipid bilayer of cellular membranes and facilitate their entry into the 
cytoplasm. 

Low et nL U.S. Patent 5. 108,921. reviews available methods for transmembrane 
delivery of molecules such as. but not limited to, proteins and nucleic acids by the 
mechanism of receptor mediated endoevtotic activity. These receptor systems include 

25 those recognizing galactose, mannose. ir.annose 6-phosphate, transferrin, 
asialoglycoprotein, iranscobalamin (vitamin B t A u-2 microglobulins, insulin and other 
peptide growth factors such as epidermal growth factor (EOF). Low et al teaches that 
nutrient receptors, such as receptors tor hiotin and folate, can be advantageously used to 
enhance transport across the cell membrane due to the location and multiplicity of biotin 

30 and folate receptors on the membrane surfaces of most cells and the associated receptor 
mediated transmembrane transport processes. Thus, a complex formed between a 
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compound to be delivered into the cytoplasm and a ligand, such as biotin or folate, is 
contacted with a cell membrane bearing biotin or folate receptors to initiate the receptor 
mediated trans-membrane transport mechanism and thereby permit entry of the desired 
compound into the cell. 

5 ICE is known to have the ability to lolcmte liberal substitutions in the P 2 position 

and this tolerance to liberal substitutions was exploited in develop a potent and highly 
selective affinity label containing a biotin tag (Thomberry et al.. 1994). Consequently, the 
P 2 position as well as possibly the N-tcrminus of the teirapcpiidc inhibitor can be 
modified or derivatizecl. such as to with the addition of a biotin molecule, to enhance the 
10 permeability of these peptide inhibitors across the ceil membrane 

In addition, it is known in the an that fusing :i desired peptide sequence with a 
leader/signal peptide sequence to create a -chimeric peptide" will enable such a "chimeric 
peptide" to be transported across the cell membrane into the cytoplasm. 

As will be appreciated by those of skill in the art of peptides, the peptide 
15 inhibitors of the GlLR interaction according to the present invention is meant to include 
peptidomimetic drugs or inhibitors, which car. :.lxo be rapidly screened tor binding to 
GTLR to design perhaps more stable inhibitors 

ll will also be appreciated that the same menu* for facilitating or enhancing the 
transport of peptide inhibitors across cell membranes as discussed above are also 
20 applicable to the GlLR or its isoforms themselves us well as other peptides and proteins 
derived therefrom, as noted above which exert their eflecls intracellulftrly. 

As regards the antibodies mentioned herein liirouyhout, the term "antibody" is 
meant to include polyclonal antibodies, monoclonal antibodies (mAbs). chimeric 
antibodies, anti-idiotypic (ami-ld) antibodies to antibodies that can be labeled in soluble 
25 or bound form, as well as fragments thereof provided by any known technique, such as. 
but not limited to enzymatic cleavage, peptide synthesis or recombinant techniques. 

Polyclonal antibodies are heterogeneous populations of antibody molecules 
derived from the sera of animals immunized with ari antigen. A monoclonal antibody 
' contains a substantially homogeneous population o!' antibodies specific to antigens. 
30 which populations contains substantially similar epitope binding sites. MAbs may be 
obtained by methods known to those skilled in the an. Sec for example Kohlcr and 
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Milstein, Nature . 256:495-407 (1975); U.S. Patent No. 4.376. i 10; Ausubcl ct aL eds.. 
Harlow and Lane ANTIBODIES : A LABORATORY MANUAL, Cold Spring Harbor 
Laboratory (1988), and Colligan ei aL wis.. Curreni Protocols in Immunology, Greene 
Publishing Assoc. and Wiley Intersciencc N.Y., (1902-1906). the contents of which 
5 references are incorporated entirely herein by reference. Such antibodies may be of any 
immunoglobulin class including igCi. IgM. Ig!;. IgA. GILD and any subclass thereof A 
hybridoma producing a mAb of the present invention may be cultivated in vin o, hi .shit 
or /// vivo. Production of high liters of mAbs hi >•.'<" or /// si hi makes this the presently 
preferred method of production. 
10 Chimeric antibodies are molecules of which different portions are derived from 

different animal species, such as those having the variable region derived from a murine 
mAb and a human immunoglobulin constant region Chimeric antibodies are primarily 
used to reduce immunogenicity in application unci to increase yields in production, for 
example, where murine mAbs have higher yields t'roiv. hynridnmas but higher 
15 immunogenicity in humans, such that human/iruniiu- chimeric mAbs arc used Chimeric 
antibodies and methods for tlieir production are known in the art (Cabilly et al.. I'roc. 
Natl. Acad. Sci. USA 81:3273-3277 (I9R4); Morrison el al.. I'mc. bind. Acad. Sci. USA 
81:6851-6855 (1084): Botilianne e! a!.. Nnhiiv 312:643-646 (1984), Cabilly et al.. 
European Patent Application 1 25(23 (published November 14. 19R4); Neuberger et al.. 
20 Noinre 314:268-270 (1085). Taniguchi et a I . I'uropean Patent Application 171406 
(published February 10, 1085). Morrison et al.. European Patent Application 173404 
(published March 5, 1086), Ncuberger el al.. PCT Application WO 8601533. (published 
March 13, 1086); Kudo ct al.. European Patent Application 184187 (published .lime 11, 
1986), Sahagan et al., ./ Immmml. 137: 1066- 1 074 (1 98b): Robinson et al.. International 
25 Patent Application No. WO870267I (published M:iy 7. 19X7). l.iu et at., /'to. Natl. 
Acad. Sci USA 84:3430-3443 {19X7), Sun c. al., !'n>c. Nail. Acad. Set USA 84 214-218 
(1987): Better et al., Scu-nct- M0:l0<!MO-i.i (I9XS); and Harlow and Lane, 
ANTIBODIES. A LABORATORY MANUAL, supru. These references are entirely 
incorporated herein by reference. 
30 An anti-idiotypic (ami-Id) antibody is fn antibody which recognizes unique 

determinants generally associated with the uniigcn-binding site of an antibody. An Id 



-4-1. 

antibody can be prepared by immunizing an animal oi ; tl:e same species and genetic type 
(e.g. mouse strain) as the source of the mAb to which an anti-Id is being prepared The 
immunized animal will recognize and respond to rhe idiotypic determinants of the 
immunizing antibody by producing an antibody to These idiotypic determinants (the anti- 
5 Id antibody). See. for example. U.S. Patent No 4,6W.R80. which is herein entirely 

incorporated by reference. 

The anti-Id antibody may also be vised as an ''immunogen' to induce an immune 
response in yet another animal, producing si so-called ami-anti-ld antibody. The anti- 
anti-ld may be epiiopically identical to the original mAb which induced the anti-Td 
10 Thus, by using antibodies ro the idiotypic determinants of a mAb, it is possible to identify 
other clones expressing antibodies of identical specificity. 

Accordingly. mAbs generated against the GILR proteins, analogs, fragments or 
derivatives thereof, of The present invention may be used to induce anti-Id antibodies in 
suitable animals, such as BALB/c mice Spleen cells from such immunized mice are used 
15 to produce anti-Id hybridomas secreting anti-Id mAbs. Further, the anti-Id mAbs can be 
coupled to a carrier such as keyhole limpet hemocyanin (KLH) and used to immunize 
additional BALB/c mice. Sera from these mice will contain ami-anti-ld antibodies that 
have the binding properties of the original mAb specific for an epirope of the above 
GILR protein, or analogs, fragments and derivatives thereof 
20 The anti-Id mAbs thus have their own idiotypic epitopes, or "idiotopes" 

structurally similar to the epitope being evaluated, such as CftR pmir.ni-a. 

The term "antibody" is also meant to include both intact molecules as well as 
fragments thereof, such as. for example. Fab and f(ah")2, which arc capable of binding 
antigen. Fab and F(ab')2 fragments lack the Fe fragment of intact antibody, clear more 
25 rapidly from the circulation, and may have, less non-specific tissue binding than an intact 
antibody (Waht et ah. V. Nncl. Mctl 24:3 1 6-325 ( 1 083)). 

It will be appreciated that Fab and F(ab , )2 and other fragments of the antibodies 
useful in the present invention may he used for the detection and quantitation of the 
GILR protein according to the methods disclosed herein for intact antibody molecules. 
30 Such fragments are typically produced by proteolytic cleavage, using enzymes such as 
papain (to produce Fab fragments) or pepsin (to produce F(ab , )2 fragments). 
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An antibody is said to he -capable of binding n molecule if it is capable of 
specifically reacting with the molecule to .hereby bind .he molecule .0 the antibody. The 
term "epitope" is meant .0 refer to that portion of any molecule capable of bemg bound 
by an antibody which can also be recognised «hat antibody. Epitope, or "antigenic 
5 determinant*" usually consist of chemically active surface grouping of molecules such as 
amino acid, or sugar side chains and have specific three dimensional structural 
characteristics as well as specific charge characteristics. 

An "antigen" is a molecule or a portion of a ..uXecule capable of being bound by 
an antibody which is additionally capable of inducing an animal .0 produce antibody 
10 capable of bindim, to an epitope or . tat antigen. An -mi^n may have one or more than 
one epitope. The specific reaction referred to above is meant to indicate that the antigen 
will react, in a highly selective manner, with it, corresponding antibody and not v,th the 
multitude of other antibodies which may be evoked by other antigens 

The antibodies, including foments of antibodies, useful in the present invenuon 
15 may be used to quantitatively or qualitatively detect the G.LR protein in a sample or to 
detect presence of cells which express the CilLR protein of the present invention. Tins 
can be accomplished by imnHmortuorrscencc .Uniques employing a rluoresccntiy 
, abe .ed antibody (see below) coupled with !i S h microscopic, flow cytometric, or 
fluorometric detection. 

20 The antibodies (or fragments .hereof, ,seHil in the present invention may be 

employed historical.). « in immum.n«orc«c^ or imnn.noelee.rnn microscopy, for 
in siH, detection of the GILR protein of'..,. P .cs,r ; t invention. In s,„, detection may be 
accomplished by removing a histological apcci.ncT. from a patienu and providing the 
lab e.ed antibody of the present invention „ such a specimen The antibody (or fragment) 
25 is preferably provided by apply** or by overlay^ the labeled antibody (or fragment) to 
a biological sample. Through the use of such a procedure, it is possible to delete not 
only the presence of the GILR protein, but also its distribution on the examined ttssue. 

Usin, the present invention, those of ordinary skill will readily perceive that any 
of wide variety of histological methods (such ns staining procedures) can be modified in 
30 order to achieve such in situ detection. 
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Such assays for the GIUI protein of the present invention typically comprises 
incubating a biological sample, such as a biological fluid, a tissue extract, freshly 
harvested cells such as lymphocytes or leukocytes, or cells which have been incubated in 
tissue culture, in the presence of a detectably labeled ant ibody capable of identifying the 
5 GTLR protein, and detecting the antibody by any or a number of techniques well known 
in the art. 

The biological sample may be t rented with a soiid phase support or carrier such 
as nitrocellulose, or other solid support or carrier which is capable of immobilizing cells, 
cell particles or soluble proteins. The support or carrier may then be washed with 
10 suitable buffers followed by treatment with a dciecinbly labeled antibody in accordance 
with the present invention, as noted above. The solid phase support or carrier may then 
be washed with the buffer a second time to remove unbound antibody. The amount of 
bound label on said solid support or carrier may then he delected hy conventional means. 
By "solid phase support", "solid phase carrier", "solid support", "solid carrier", 
15 "support" or "carrier" is intended any support or carrier capable of binding antigen or 
antibodies. Well-known supports or carriers, include glass, polysiyrenc. polypropylene, 
polyethylene., dextran, nylon amylases, natural and modified celluloses, polyacrylamides. 
gabbros and magnetite. The nature of the carrier can be either soluble to some extent or 
insoluble for the purposes of the present invention. The support material may have 
20 virtually any possible structural configuration so Ion* as the couplet! molecule is capable, 
of binding to an antigen or antibody. Thus, the support or carrier configuration may be 
spherical, as in a bead, cylindrical, as in the inside surface of a test tube, or ihe externa! 
surface of a rod. Alternatively, the surface may be Hat such as a sheet, test strip, etc. 
Preferred supports or carriers include polystyrene beads Those skilled in ihe an will 
25 know may other suitable carriers for binding antibody or ami-en. or will he able to 
ascertain the same by use of routine experimentation. 

The binding activity of a given lot of antibody, of the invention a* noted above, 
may be determined according to well known methods. Those skilled in the an will be 
able to determine operative and optimal assay conditions for each determination by 
30 employing routine experimentation. 
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Other such steps as washing, stirring, shaking, filtering and the like mny be added 
to the assays as is customary or necessary for the particular situation. 

One of the ways in which an antibody in accordance with the present invention 
can be detectahly labeled is by linking (he same to an enzyme and used in an enzyme 
5 immunoassay (EIA). This enzyme, in turn, when Inter exposed to an appropriate 
substrate, will react with the substrate in such a manner as to produce a chemical moiety 
which can be detected, for example, by spectrophotometries, fluorometric or by visual 
means. Enzymes which can be used to delectably label the antibody include, but are not 
limited to, malate dehydrogenase, staphylococcal nuclease, dclta-5-stcrnid isomeras, 
10 yeast alcohol dehydrogenase, alpha-glyccrophosphntc dehydrogenase, triose phosphate 
isomerase, horseradish peroxidase, alkaline phosphatase, asparaginase, glucose oxidase, 
beta-galactosidase, ribomiclcasc, urease, cataktse, glticose-6-phosphate dehydrogenase, 
glucoamylase and acetylcholinesterase. The detection can be accomplished by 
colorimetric methods which employ a chromogenic substrate" for the enzyme. Detection 
15 may also be accomplished by visual comparison of the extent of enzymatic reaction of a 
substrate in comparison with similarly prepared standard*. 

Detection may be accomplished using any of a variety of other immunoassays. 
For example, by radioactive labeling the antibodies or antibody fragments, it is possible 
lo delect R-PTPase through the use of a radioimmunoassay (RIA). A good description 
20 of RIA may be found in Laboratory Techniques and Biochemistry in Molecular Biology, 
by Work, T.S. et aL North Holland Publishing Company. NY (1078) with particular 
reference to the chapter entitled "An Introduction 10 Radioimmunc Assay and Related 
Techniques" by Chard, T., incorporated by reference herein. The radioactive isotope can 
be detected by such means as the use of a g counter or a scintillation counter or by 
25 autoradiography. 

It is also possible to label an antibody in accordance with the present invention 
with a fluorescent compound. When the Huoresceritly labeled antihody is exposed to 
light of the proper wavelength, its presence can be then detected due to fluorescence. 
Among the most commonly used fluorescent labeling compounds are fluorescein 
30 isothiocyanate. rhodnmine, phycoexythrme. pycoeyanin. nllophycncyanin. o-phthaldchyde 
and fluorescamine. 
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The antibody can also be detect ably labeled using Iluorcscence emitting metals 
such as ,S2 E, or others of the lanihnnide series. Those metals can he attached to the 
antibody using such metal chelating groups as <li«*hylcnctriamine pentauceiic acid 
(ETPA). 

5 The antibody can also be detect ably labeled by coupling it to a chemi luminescent 

compound. The presence of the chenVduminesccnt-tagged antibody is then determined 
by delecting the presence of luminescence Hint arises during the course of a chemical 
reaction. Examples of particularly useful cheniiluiniiicscent labeling compounds are 
luminol. isoluminol. theromatic acridinium ester, imidazole, aeridmium salt and oxalate 

10 ester. 

Likewise, a bioluminescent compound may be used to label the antibody of the 
present invention. Bioluminesccnce is a type of chcmihiminescencc found in biological 
systems in which a catalytic proiein increases the efficiency of the chemilumincscent 
reaction. The presence of a bioluminescent protein is determined by detecting the 
1 5 presence of luminescence. Important bioluminescent compounds for purposes of labeling 
are luciferin. lucifcrase and aequorin. 

Aji antibody molecule of the present invention may be adapted for utilization in 
an immunomctric assay, also known as a "two-site" or "sandwich" assay In a typical 
immunometric assay, a quantity or unlabeled antibody (or fragment of antibody) is bound 
20 to a solid support or carrier and a quantity of deteciably labeled soluble antibody is 
added to permit detection and/or quantitation of the ternary complex formed between 
solid-phase antibody, antigen, and labeled antibody- 
Typical, and preferred, immunomctric assays include "forward" assays in which 
the antibody bound to the solid phase is first contacted with the sample being tested to 
25 extract the antigen from the sample by formation of a binary solid phase antibody-antigen 
complex. Aller a suitable incubation period, the solid support or carrier is washed to 
remove the residue of the fluid sample, including uuicacied antigen, if any. and then 
contacted with the solution containing an unknown quantity of labeled antibody (which 
functions as a "reporter molecule"). After n second iiiaihtiticin period to permit the 
30 labeled antibody to complex with the antigen bound to the solid support or carrier 



through the unlabeled antibody, the solid support or earner is washed a second time to 
remove the imreacted labeled antibody. 

In another type of "sandwich" assay, which m;ty also be useful with the antigens 
of the present invention, the so-called "simultaneous" and "reverse" assays are used. A 
5 simultaneous assay involves a single incubation step as the antibody bound to the solid 
support or carrier and labeled antibody are both added to the. sample being tested at the 
same time. After the incubation is completed, the solid support or carrier is washed to 
remove the residue of fluid sample and uncompleted labeled antibody. The presence of 
labeled antibody associated with the solid support or carrier is then determined as it 
10 would be in a conventional "forward" sandwich assay 

In the "reverse" assay, stepwise addition first of a solution of labeled antibody to 
the fluid sample followed by the addition of unlabeled antibody bound to a solid support 
or carrier after a suitable incubation period is utilized. Aller a second incubation, the 
solid phase is washed in conventional fashion to free it of the residue of the sample being 
15 tested and the solution of unreacted labeled antibody. The determination of labeled 
antibody associated with a solid support or carrier is then determined as in the 
"simultaneous" and "forward" assays. 

The G1LR proteins of the invention may lie produced by any standard 
recombinant DNA procedure (sec for example. Samhrook, et al., 1989 and Ausubel et 
20 al.. 1987-1995, siipra) in which suitable euk myotic or prokaryotic host cells well known 
in the art arc transformed by appropriate cuknryotic or prokaryoiic vectors containing 
the sequences encoding for the proteins. Accordingly, the present invention also 
concerns such expression vectors and transformed hosts for the production of the 
proteins of the invention. As mentioned above, these proteins also include their 
25 biologically active analogs, fragments and derivatives, and thus the vectors encoding 
them also include vectors encoding analogs and fragments of these proteins, and the 
transformed hosts include those producing such analogs and fragments. The derivatives 
of these proteins, produced by the transformed hosts, are the derivatives produced by 
standard modification of the proteins or their analogs or fragments. 
30 The present invention also relates to pharmaceutical compositions comprising 

recombinant animal virus vectors encoding the GIl.R proteins, which vector also encodes 
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a virus surface protein capable of hinding specific target cell (e.g.. lymphocytes, cancer 
cells, etc.) surface proteins to direct the insertion ofihe C'ill.R protein sequences inio the 
cells. Further pharmaceutical compositions of the invention comprises as the active 
ingredient (a) an oligonucleotide sequence encoding an anti-sense sequence of the GILR 
5 protein sequence, or (b) drugs that hlock the GILR activity. 

Pharmaceutical compositions according to the present invention include a 
sufficient amount of the active ingredient to achieve its intended purpose. In addition, 
the pharmaceutical compositions may contnin suitable pharmaceutical^ acceptable 
carriers comprising excipicnts and auxiliaries which facilitate processing of the active 
10 compounds into preparations which can be used plwnnacouiically wul which can stabilize 
such preparations for administration to the subject in need thereof as well known to 
those of skill in the art. 

The invention will now be described in more detail in the following non-limiting 
Example and the accompanying drawings. It should be noted that all of the various 
15 procedures, unless otherwise indicated, are standard procedures of the ait or arc 
procedures readily apparent to all of skill in the an by virtue of their publication as noted 
in widely-available publications. Accordingly, all of the publications noted herein below, 
as well as those rclcvanr publications noted herein above are included herein in their 
entirety, or at least as far as concerns the details to carry out the various procedures. 
20 These procedures are thus to be construed as the full, enabling, disclosure of the same 
procedures used in accordance with the present invention as set forth in the following 
Example (Example 1) Likewise, all the various reagents, cells, ere. (i.e. 'materials') are 
also readily available to all of skill in the art by why of purchasing from the various 
manufacturers or by way ofstandard preparation thereof 

25 

Examnle 1 : Identification. Isolation, Cloning .nu t Chnractmznlinii of the GlU* 
gene. ,inri the CILR protein 
L Materials mid Methods 

a) C ells and culture conc litkins_L 
30 Thymocytes were obtained from 3 to 5-week-old C3>I/HcN mice 

purchased from Charles River (Milan, Italy) The cell suspensions were washed, filtered 



-43- 

and adjusted to a concentration of 8x10* cells/ml in complete medium. The ceils were 
incubated at 37°C alone or with 100 nM/l DI'X (Sigma, Si. Louis. Mn ) for 3 hrs. A sub- 
line obtained in our laboratory of the mouse hybrkloma T cell lint: (300: Ayroldi et al., 
1995) maintained in suspension in RPMl 1640 medium supplemented with 10% FCS and 
5 IOjaM HE.P.ES buffer was used for transfeciion experiments, 
b) RNA pr e paration 

Total cytoplasmic RNA was isolated Irom thymocytes by using the 
protocol of Chirgwin (Chirgwin ct al., 1070). Polyndcnylatcci RNA was obtained as 
previously described (Maniatis ct a!.. 1 080). 
10 c) Library construction ; 

A dircctionally cloned cDNA libmiy was constructed by using 
polyadenylaied cytoplasmic RNA from thymocytes cultured for 3 hrs in the presence of 
DEX according to the Maniatis protocol (see Mamalis ei si.. / Sambrook et al.. 1980). 
Briefly, a first-strand cDNA was obtained with a reverse reaction using an oligo (dT) 
15 primer (lOng) and 7^g di-polyadenylatcd RNA. To monitor synthesis, 2tyiCi [ j2 V] 
A dCTP (3000Ci/mmol) was included in the reaction mixture. A second-strand cDNA was 
synthesized according to the procedures described by (Suhler and Hoffman (Gubler and 
Hoffman. 1083). The cDNA was blunt-ended by using T4 polymerase (Boehringer 
Mannheim, Mannheim, Germany) and then methylated with EcoRI mcthyiase 
20 (Boehringer Mannheim). EcoRI linkers were lifted to ihc cDNA with T4 DNA ligase 
(New England Binlabs, Bevcriy. MA) at \b n C tor 12 hrs. Following the ligation of 
linkers. The reaction was inactivated by hew tiny m 6R !, C and mouhminfi: at this temp, for 
15 min. The cDNA suspension was precipitated in ethanol and purified on a CL4B 
column (invitrogen BV, San Diego, CA). 
25 The cDNA was inserted into /.gill arms using EcoRI adaptors following the 

manufacture's protocol (Invitrogen). Recombinant c- .ones (0.25 x 10 4 pfu./til) were 
screened by hybridization with the subtraction probe (see below). 



d) Subtraction probe procedure an d screening library 
30 To construct the subtracted probe, a biotinylatcd copy of the uninduccd 

pool of mRNA (lQ^g) and 32 IM»beled cDNA from i!ut induced mRNA dug) were co- 
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precipitated in ethanol. The precipitate wns dried and dissolved in 2x hybridization 
buffer. The sample was heated at I00°C for I min and then incubated at 68°C for 24 hrs. 
To separate unhybridized from hybridized sequences, the reaction was diluted 10 to 15 
times with streptavidin binding buffer and incubated wiih streptavidin for 10 min at room 
5 temperature. Two phenol-chloroform extractions were performed. After precipitation, 
the labeled cDNA probe was resuspended in 5<>u! of sterile water and used directly as a 
subtraction probe for screening the cDNA library. 

Nitrocellulose filters (Amersham Life Science International PLC. 
Buckinghamshire, England), with which there was obtained blotting plates containing 
10 5xl0« clones, were hybridized in SxSSC. Sx Denhardt's solution, l% SDS. I00ug/nl 
tRNA (Sigma) and 20mM sodium pyrophosphate <pll C 8) at 42"C for 1 2 hrs and the 
final wash was in 0.2xSSC, 0. 1% .SDS at (>5"C for ?() min. 
c) Northern hint analysis 

Indicated amounts (see Tirief Description of the Drawings' above) of 
15 total cytoplasmic RNA (ranging from 2ng-25pg IWA/lnnc on the gels, as noted with 
respect to the figures in 'Brief Description of the Drawings' herein above) were 
separated in I 2% agarose gels and transferred to nitrocellulose filters (Schcicher and 
Schuell. Dassel, Germany). DNA probes were "p-lahelcd using the nick- translation kit 
from Boehringcr Mannheim and following manufacturer's instructions. Hybridization 
20 was carried out overnight. Filters were washed three times in 0.2xSSC with 0.5% SDS at 
37 S C followed by two washes at 65°C. 

f) Prim er exiention tec hnique. 

The primer extenlion was performed according to the Maniatis procedure 
(Maniatis/Sambrook et al., I MO). The radiolabeled DNA primer (10* cpm). 
25 complementary to the sequence from the nucleotide at position 298 to the nucleotide at 
position 327 of GILR gene (sec Fig. 2). was mixed with 20 wj nvRNA from Dcx-treated 
thymocytes for 3 hrs. 

g) D NA sequence de te rmination 

cDNA clones were sequenced using T 7 DNA polymerase (Sequcnase kit, 
30 US Biochemical Corp) in conjunction with custom-synthesized 20- and 2t-mer 
oligonucleotide primers (complementary to the cDNA sequence) and primers 
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complementar)' to the plasmitl cloning-silc sequence*. Overlapping sequence* were 
obtained for both si rands of the cDNA. cDMA .sequences were derived from clones 
isolated from the screening of the cDK'A library. 

All sequence analysis and identification of structural motifs were done with the 
5 PC/Gene son ware program (IntcMgenctics, Inc.). The most updated GenBank and 
EMBL nucleic acid data banks and the Swiss- Prot protein data bank were searched 
through the Internet network by using the FAST A program of Pearson and Uppman 

h) I" vtfra translation 

RNA was translated in vifm using a vabhit reticulocyte lysatc (Promega) by the 
10 procedure recommended by the imiuil'acturer's instructions in the presence of 
[ 35 S]methiomne (Amersham) and the products were analyzed by 15% SDS-PAGE. 
After electrophoresis, the gel was fixed and autoradiographed. 

i) Preparation of rab bit anti-mouse antis erum and western hint analysis 

A rabbit polyclonal antiserum recognizing GILR was prepared with the sc of a 
15 fusion protein containing the full CilLK amino acid sequence fused to glutathione S- 
transferase (GST; Pharmacia). The GST-fusion protein was expressed in Escherichia 
colt (E. coli), induced with ImM isopropyl-fl-D-ihiog«lactopyranoside (fPTG) and 
purified with glutathione (GSH)-agarose beads as described previously (Tan et al., 
1994). This preparation was used to immunize New Zealand White rabbits (! ma/rabbit). 
20 After 4 weeks a booster injection of 0.2 mg of protein was given intravenously and blood 
was collected I week later for prepnrniion of antiserum. The antiserum was purified 
using a fusion protein immobilized on nitrocellulose Hirer according to the Vfaniatis 
protocol (Maniatis/Sambrook ct aL l l >S0). The antiserum was used for western blot 
analysis of proteins extracted from thymocytes treated with or without DEX, as 
25 previously described (Ayroidi et al,. 1 907) 

j) Trans f ections of cultured c ells 

The GILR cDNA coding sequence (874 bp - see Fig. 2) was cloned into a 
pcDNA3 plasmid (Invitrogen) for expression in mammalian cells. 3DO cells were 
30 transfected by electroporation (300 mA. %0uF) with I5ug of linearized pcDNA3 vector 
(control clones) or 15ng linearized pci.)NA3 vector expressing the GILR cDNA. 36 hrs 
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after transaction, the cells were cultured in medium ct»niaininij 0.8 mg7gr G4IR acrive- 
form (GTBCO-BRL, Life Technologies. Paisley, Scotland) and IOOu.1 of the cell 
suspension was plated in 96-wells plates (4 for each transection). Following 15-20 days, 
no more than 15% of the wells had living growing cells. These surviving cells were 
5 considered clones ami analyzed in an RNAse protection assay for the expression of 
exogenous GILR (Vito ct of.. 1096) 

k) RNqpfi projection analysis (RPAJ 

The probe for RPA was constructed hy PCR using the Forward primer 
CCATCTGGGTCCACTCCAGT (located on GILR. 7b3-782 bp - see Fig. 2 and SEQ 

10 ID NO: 3) and the Reverse primer AGGACAGTGGGAGTGGCACC (located on 
pcDNA3 - see Fig. 5C and SEQ ID NO: 4) The PCR product (244 bp) was cloned into 
a pCRIl vector using the TA Cloning kit (lnvitrogt-.ii). The product of this cloning was 
seqenced to exclude any possibility of n point mutation. Plnsmid DNA was linearized 
with Xba I (New England Biolabs) and transcribed with T7 RNA polymerase (GIBCO- 

1 5 BRL) in the presence of SOuM [re 32 P]lJTP. Following gel purification. The probe (2x 10 s 
cpm) was hybridized to total RNA (20 M g) overnight ai 60"C. RNase digestion was 
performed hy using a RNase A (Rochringer Mannheim) (40ug/ml) and RNase T| 
(GIRCO-BRL) (l.5UAil) solution at 37 n C for 15 min. The undigested products were 
treated with phenol-chloroform, precipitated with cthanol and loaded onto a denaturing 

20 polyacrylamide sequencing gel. Autoradiographic exposure was carried out for 2 days. 
1) Antibody cross-linking and cell t reatment 

Hamster anti-mouse CD3e (clone 145-2CI I, Pharmingen, San Diego, CA) mAb 
at lugAvell (- lug/ml of anti-CD3 antibody) was allowed to adhere to flat-bottomed, 
high-binding 96-well plates (Cosrar. Cambridge, MA) at 4 0 C in lOOul PBS. After 20 hrs, 

25 plates coated with tnAb were washed and transacted clones were plated at 
tx)0 5 cehVweli and incubated at 37°C for 20 hrs. Isorype-nuiiched rat anti-mrfuse IgG 
2b mAbs (clone R 35-38. Pharmingen) were used a control 

To evaluate Fas-mediated killing, 3 DO cells (IxlO 6 ) were incubated at room 
temperature for 30 min with lQu.g/ml of the antibody to Fas (hamster anti-mouse, clone 

30 Jo2; Pharmingen). then washed and plated on wells coated with an antibody to hamster 
immunoglobulin G (5|.ig/wcll: Pharmingen). 
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m) UV irradiation. PEX . treatment an d stapaimo 

In some experiments clones transfeciecl with empty pcDNA3 or GlLR-cDNA 
were exposed lo different doses of UV rays from a ViV Strntalinter (model 1 800; 

Stratagene, La Jolla, CA). 

Aliquots of 2 ml iransfccted clones (IxlO'V ml) were incubated with DEX or 
subjected to deprivation conditions (1% FCS). The npoptosis was evaluated after 20 hrs 
as desribed below, 

n) Flo w cytometry analys is 

A single suspension (Ixl0 6 cells/snmplc) was incubated for 30 min on ice in 50j.il 
staining buiVer (PBS plus 5% FCS), eomnmiiu» HHi^ml hamsier ami-mouse Fas mAb 
directly conjugated to R-phycoeryihrm (Mi) or PE-humsier IgCS (isotype control). Both 
mAbs were purchased from Pharmin»en. Cells were also stained with rabbit polyclonal 
antibody raised against a peptide corresponding to amino acids 260-270 mapping at the 
carboxy terminus of human Fas-L (Santa Cruz Biotechnology, Inc., Santa Cruz, CA) or 
with isotype-matched antibody (ah), and with anti-rabbit IgG FITC conjugate. F(ab')2 
fragment (Sigma), as a second step reagent. 

All clones were stained with hamster ami-mouse ixCDX directly conjugated with 
fluorescein (Pharmingen). The median or percentage of Fas and Fas-L histograms was 
calculated using lysis II research soil ware (BectoivDickinson. Mountain View, U.S.A.). 
o) Apoptosis evaluat i on by propidium iodid e solution 

Apoptosis was measured by flow cytometry as described elsewhere (Nicoletti cV 
al. % 1991). Briefly, cells w«re r.«iitt*iruuecl and (he pellets lesuspcntlcd in 1.5ml hypotonic 
propidium iodide solution. The tubes were kept at 4 V C in the dark overnight. The PI- 
fluorescence of individual nuclei was measured by flow cytometry with standard 
FACScan equipment (Becton Dickinson). 

« 

U. RESULTS 

a) Isolati on of the GlLR c DNA 

In order to study I he role of sdiit-oaulicokl hormones in the regulation of 
lymphocyte apoptosis. the isolation of mRNA induced by 3 hours treatment with the 
synthetic glucocorticoid hormone dexamethasonc (HHX. IO0nM/l). in feshly isolated 
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thymocytes. was performed. Comparing the eDNAs from untreated and DEX-treated 
cells, by the subtraction probe technique as noted above, some overexpressed mRNAs in 
the treated cells were identified. Upon sequencing the various detectable cDNAs, one of 
them, (designated l GlLR\ for; Glucocorticoid Induced Leucine-zipper family Related 
5 gene), was shown to have some homology (40% similarity) with the, apparently 
unrelated, mouse TSC-22 sequence (Shibnnuma ct 1002) this homology not being of 
major significance as the GILR sequence, more importantly, showed no homology with 
other sequences present in EMBL and Genbank database. 

b) GILR expression in tissues: inductio n in T lym phocytes 

10 Experiments were performed to examine and define GILR expression in different 

tissues. The results indicated that GILR mRNA was clearly detectable by northern 
blotting (8 days exposure) in freshly isolated thymocytes, spleen and lymph node cells, 
slighlty detectable in bone marrow, kidney and lung, ami not detectable in liver, heart and 
brain, suggesting that the gene is mainly expressed in lymphoid tissues (Fig. 1A). 

15 Experiments were performed to test the possible elluct of DEX-tretUment in lymphoid 
tissue. The results indicate that GILR expression was clearly increased by treatment with 
DEX in fresh thymocytes and lymphocytes from peripheral lymphoid tissues, including 
spleen and lymph node {Fig IB). 

c) The nrotein coded bv GILR is a nrotein heionui niz to the leucin e- y ippgr family 
20 In order to isolate a full-length GILR cDNA a thymus lymphocyte cDNA library 

was screened using an isolated probe (I 100 hp) obtained by the the subtraction probe 
procedure (see above). Several clones were isolated and ?> of them were J972 bp long 
and displayed the same sequence. Since northern blotting analysis (Fig. I A) indicated 
lhaL GILR mRNA was about 1.97 kB long, these clones were believed to represent full- 
25 length eDNAs. This was confirmed by experiments using the primer-cxtcntion technique 
(results nor shown). 

Nucleotide sequencing of the above noted > cDNA clones coding for GTLR 
showed the presence of a single open reading frame (ORF), beginning at nucleotide 
position number 206 and extending to a TAA termination codon at position 617 (Fig. 2). 
30 The putative ATG initiation codon, at position 206, is surrounded by a sequence 
(GAACCATGA) in good agreement with the consensus sequence for initiation of 
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translation in eukaryotes (Kozak, l l >S9). The termination ccdon is followed by a 3" 
untranslated region of 1355 bp. A polyadcnylarion signal is present 45 bp 5' to the poly- 
Atail. 

The GILR an sequence displays significant homologies with molecules which 
5 belong to the leucine-zipper family (Fig. 4; Shibanuma c/ <//.. 1992. Yamamoto *l aL 
1988, Nicholas claL, 1901; Hope and St mhl. 1987; l.amplu'/«/„ 1988). 

The protein putatively encoded by the GILR mRNA is a leucine-zipper protein of 
138 aa residues (Fig. 2). Four leucine residues are present at triplet positions 431-433, 
452-454, 473-475 and 494-496, one asparagine at position 464-466. which is compatible 
10 with a leucine-zipper structure (underlined in Fig. 2) and presumably able to form dimers. 

Furthermore a region (basic aa are underlined in Fig. 2). possibly representing a 
DNA-binding domain, is present at the N-tcrmin:.! end. while a PAR region, rich in 
proline and acidic residues, is present at the (.'-terminal end region. 

Based on these features. GILR can be classified as a leucine-zipper protein. The 
15 predicted molecular weight of the putative mature protein, before further post-translation 
modifications, is about 17,000 Da. The molecular weight of the native protein is about 
17,000 Da (17 kDa) as indicated by in vin o translation experiments of the cloned cONA 
(Fig. 3A) and by western blot analysis experiments using a rabbit antiserum prepared 
against in vitro translated GILR protein (Fig. .1C). The antiserum was used to detect a 
20 cellular product of the GILR in normal untreated or DKX-trcatcd (6 hours treatment) 
thymocytes. In particular, a band of molecular mass of approximately 17 kDa was 
detected by this antiserum in the protein extract of DF.X-treated but not of untreated 
thymocytes, in a westerm blot analysis (Fig. 3C). Figure 3B shows that this antiserum 
recognizes the in viim translated fusion protein. In particular, the antiserum reveals 
25 either the GST fusion protein or the intact GII.R protein obtained by thrombin digestion 
according to the Pharmacia protocol. 

d) QH.R expression in transected T cell s, confers resistance to TCR/CD3 
jndnf.eri apoptosis hut not to cell death induced liv other stimuli 

Members of the leucine zipper femily are involved in lymphocyte activation and 
30 are able to induce or inhibit apoptosis (Smeyne vi at. . 1 993; Cioldstone and Lavin, 1 994). 
Tn order to test the possible effects of GILR expression on apoptosis. a hybridoma 1 -cell 
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line, 3DO, was transacted, this 3 DO cell line, like cm her T cell hybririomas, has been 
widely used in the investigation of apoptosis induced by anti-C03 antibodies (Ayrolcli el 
aL, I995; Vito <>f aL % 1 996). This transfection was carried out with an expression vector 
in which the GILR cDNA is expressed under thti control of the CMV promoter. The 
5 apoptosis induced by anti-CD3 Ab in 3 DO cells has been previously shown to be 
dependent on the Fas/Fas- L system (Yang <V <//.. 1 905). As controls, the empty vector 
(pcDNAj control) was also used in such translations. After selection with G418 
antibiotic, cell clones were screened for the GILR expression by RNase protection 
analysis (Fig. 5). For each transfection, 9 clonus were tested and used for functional 
10 characterization. In addition, ft normal untransfeelcd clones (nuc/l-6) were tested as 
further controls. 

The results showed that cell clones nvcrcxpressinj* GILR (clones G1LR/1-9) 
were all variably resistant to anii-CD3 inAb-indueed apoptosis (apoptosis between 5% 
and 10%) with P<0.0001 as compared to peDNA3 control clones (clones pcDNA3/l-9, 

15 apoptosis between 45% and 60%) No significant differences between pcDNA3 clones 
and normal untransfected clones (clones nuc/l-6, apoptosis between 45 and 60%) were 
detectable (Fig. 6). To exclude a possible effect of GIL K gene on TCR/CT33 membrane 
expression, which could by itself account for diminished sensitivity to anti-CD3-induced 
apoptosis, all clones were stained with ami-OD3 mAh and analyzed by flow cytometry. 

20 No difference* of CD3 expression were- detected between rransfected and iinrransfectcd 
clones (results not shown). 

Ii has been shown that T-cell apoptosis can be induced by various stimuli other 
than the triggering of the TCR/CD3 complex, including corticosteroids, UV irradiation 
and starvation (Zacharchuk tV at., 1 990; Banxal vf «/., 1991; Lowe ef at., 1993). 

25 Experiments were performed tn test whether GTLR expression could inhibit T cell 
apoptosis induced by other stimuli. Results obtained with the same clones (results with 
GTLR/ 1,5, 7 and pcDNA3/4,7,8 are shown in Fig. 7) indicate that GILR ovcrcxprcssion 
does not counteract apoptosis induced by DLX. various doses of UV irradiation, 
starvation or triggering by crosslinked anti-Fas mAh. 

30 These results suggest that GILR can modulate T cell apoptosis triggered by 

TCR/CD3 complex but not by other stimuli. 
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e) Expression of Fa s . pnd Fns-| r ; " C'"-R transact cd '1' cells 
It has been suggested thai T-ccll AlCI) is also dependent on Fas/Fas-L 
interaction (AJdcrson 1995; Dhein c/a/., 1995; .hi tv<//., 1995). In particular, the 

present inventors have, previously shown that anti-CD3-indueed apoptosis in 3D0 cells is 
5 blocked by soluble anti-Fas mAb while croaslinked anti-Fas mAb directly induces cell 
death (Ayroldi c/ al. % 1997). Experiments were performed to test whether blocking of 
Fas (using soluble, non-crosslinked ami-Fas mAb, lug/ml) could inhibit the anti-CP3- 
induced apoptosis in this experimental system where clones of 3 DO were tested. Results 
indicate that blocking of Fas significantly inhibits CD3-induccd cell death (apoptosis, 
10 mean of results obtained with 3 normal clones in a 20 hrs assay, was: 4±l in untreated 
controls, 63±5 in anti-CDVtrcated, 29+6 in anti-C'!)3- plus soluble unti-Fas-treated 
clones; .P<0.0l comparing anii-CD3-treated with ami-Cf.)3- plus anri-Fas-treated). 

Experiments were also performed to assess whether the inhibition of apoptosis in 
GILR-transfected cells could be mediated by ;tn ellecl on Fas/Fas-L system expression. 
15 Results show that 20 hrs of anti-CD3 mAbs treatment induced Fas and Fas-L expression 
in 3DO cell line and in clones transfecied the empty vector control (pcDNA3/4 J), but 
did not augment Fas and Fas-L expression in clones ovcrcxpressing G1LR (clones 
GlLR/1, 2,3.5,7) (Figure «). 

Kinetic experiments also indicate that whik* Fas-1. expression is not evident at 3 
20 hrs after anti-CD3 treatment, when there is no dciccuihle apoptosis. induction of Fas-L 
expression is detected at 10 hrs when apoptosis is measurable. Results of a representative 
experiment with an empty vector and a GII.R transfused clone are shown in Table 1 

These results indicate that GlLR expression inhibits TCR/CD3-acuvated 
apoptosis and Fas/Fas-L expression. 
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Table i: Time course of Pas/L expression related lo iHiii-CDV.iuluced iipoprosis 
empty vector or GILR transferee! clone ^ 





3h 


01) 


I Oh 


Pas/L Apoplosis 


l'as/1. Apoplosis 


Pas/L Apoptrtsis 


pcDNA3(4) 


0,7 • I.-"* 


M> 2.5 


5.7 2.0 


pcDNA4(4)+tmti-CD3 


1.2 1,7 


I.I .1.7 


81,1 72.0 


GILR(7) 


1.0 0.3 


1,7 1.8 


0,1 2.8 


GILR(7)+anti-CD3 


| 0,6 0,0 


1 .2 1 ,4 


1,4 2,7 



= Numbers represent the percent of cells posiliw |\,r l'as/1. at ilow Cytometry analysis 
and ofcells that were apopioiic 10 propidium UnlUlc analysis. 
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CLAIMS 

1. A DNA sequence encoding n glucocorticoid-indueed leiicine-zippcr family related 
..protein (GTLR), isoform*, fragments or analogs thereof, said GILR, informs, fragments 

5 or analogs thereof capable of inhibiting apoplosis unci sti initialing lymphocyte activity. 

2. A DNA sequence according to claim I selected from die group consisting of: 

(a) a cDNA sequence derived from the coding region of a native GILR protein, 

(b) DNA sequences capable of hybridization to a sequence of (a) under 
10 moderately stringent conditions and which encode a hiologically active GILR protein; 

and 

(c) DNA sequences which are degenerate as a result of the genetic code to the 
DNA sequences defined in (a) am! (b) and which encode a biologically active GILR 
protein. 

15 

3. A DNA sequence according to claim I or claim 2 comprising at least part of the DNA 
sequence SEQ ID NO. I and encoding at Icasl one active GILR protein, isoform. analog 
or fragment 

20 4. A DNA sequence according to claim .1 encoding a GILR protein, isoform, anaiog or 
fragment having at least part of the amino acid sequence SEQ ID NO. 2. 

5. A vector comprising a DNA sequence according to any one of claims 1-4. 

25 6. A vector according to claim 5 capable ofbeing impressed in a eitkaryotie host. cell. 

7. A vector according to claim 5 capable of being expressed in a prokaryolic. host ceil. 

8. Transformed eukaryoiic or prokaryolic host cells containing n vector according to 
30 anv one of claims 5-7. 



C\> VO\ : EPA MUE\CHEN_ OG 



:28- 4-97 



-65- 

9. A GILR protein, isoform, fragment, functional analogs or derivatives thereof encoded 
by a DNA sequence according to any one of claims 1-4, said protein, isoform, fragment, 
analogs and derivatives thereof being capable or inhibiting apoptosis and stimulating 
lymphocyte activity. 

5 

10. A GILR protein, isoform, fragment, analogs ;md derivatives thereof according to 
claim 9. wherein said protein, isoform, analogs, fragments and derivatives have at least 
part of the amino acid sequence SEQ ID NO: 2. 

11. A method for producing the GILR protein, isoform, fragment, analogs or derivatives 
thereof according to claim 9 or 10. comprising growing the transformed host cells 
according to claim 10 under conditions suitable for the expression of said protein, 
analogs or derivatives, effecting post-rranslaiional modifications as necessary for 
obtaining of said protein, fragments, analogs or derivatives and isolating said expressed 
protein, fragments, analogs or derivatives. 

12. Antibodies or active fragments or derivatives thereof, specific for the GILR protein, 
isoform, fragment, analogs or derivatives according lo claim 0 or 10. 

20 13. A method for the inhibition of apoptosis in cells, mediated by the Fas/FasL system, 
CD3/TCR system or other intracellular mediators of npopiosis, comprising treating said 
cells with one or more GILR proteins, isoforms, analogs, fragments or derivatives 
according to claim 9 or 10. wherein said treating of said cells comprises introducing into 
said cells said one or more proteins, isoforms, analogs, fragments or derivatives in a form 

25 suitable for intracellular introduction thereof, or introducing into said cells a DNA 
sequence encoding said one or more proteins, isoforms, analogs, fragments ox- 
derivatives in the form of a suitable vector carrying said sequence, said vector being 
capable of effecting the insertion of said sequence imo said cells in a way that said 
sequence is expressed in said cells. 

30 
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14. A method for the inhibition of apoptosis in irclls according to claim 13. wherein said 
treating of cells comprises; introducing into said veils » DNA sequence encoding said 
GILR protein, isoforms. analogs, fragments or derivatives in the form of a suitable vector 
carrying said sequence, said vector being capable of effecting the insertion of said 

5 sequence into said cells in a way that said sequence is expressed in said cells. 

15. A method according to claim 13 or M wherein said treating of said cells is by 
transfection of said cells with a recombinant animal virus vector comprising the steps of ; 

(a) constructing a recombinant animal virus vector currying a sequence encoding 
1 0 a viral surface protein (ligand) that is capable of binding to a specific cell surface receptor 

on the surface of said cells to be treated and u second sequence encoding a protein 
selected from the GILR protein, isoforms. analogs, fragments and derivatives according 
to claim 9 or iO, that when expressed in said cells is capable of inhibiting apoptosis; and 

(b) infecting said cells with said vector of (a) 

15 

16. A method for enhancing apoptosis in cells by inhibiting the activity if GILR proteins 
in said cells, comprising treating said cells with antibodies or active fragments or 
derivatives thereof, according to claim 12. said treating being by application of a suitable 
composition containing said antibodies, active fragments or derivatives thereof to said 

20 celts. 

17. A method for enhancing apoptosis in cells by inhibiting the activity of GILR proteins 
in said cells, comprising treating said cells with an oligonucleotide sequence encoding an 
antisense sequence for at least part of the DNA .sequence encoding a GILR protein 

25 according to any one of claims !-<L said oligonucleotide sequence being capable of 
blocking the expression of the GILR protein. 



30 



18. A method according to claim 17 wherein said oligonucleotide sequence is 
introduced to said cells via a virus of claim 1 5 wherein said second sequence of said vims 
encodes said oligonucleotide sequence. 
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19. A method for treating tumor cells or HIV-infected cells or oilier diseased cells, to 
enhance apoptosis In said cells by inhibiting the activity of GILR proteins in said cells, 
comprising; 

(a) constructing a recombinant animal vims vector carrying a sequence encoding 
5 a viral surface protein capable of binding lo a specific tumor cell surface receptor or 
HTV-infected cell surface receptor or receptor carried by other diseased cells and a 
sequence encoding an inactive GILR mutant protein, said mutant protein, when 
expressed in said tumor. HIV-infected, or other diseased cell is capable of inhibiting the 
activity of normal endogenous GILR and enhancing apoptosis in said cells; and 
10 (b) infecting said tumor or HIV-infected cells or other diseased cells with said 

vector of (a) 

20 A method for enhancing apoptosis in cells by inhibiting the activity of GILR proteins 
in said cells, comprising applying the ribozyme procedure in which a vector encoding a 

15 ribozyme sequence capable of interacting with n cellular mRNA sequence encoding a 
GTLR protein according to claim 0 or 10. is introduced into said cells in a form that 
permits expression of said ribozyme. sequence in said cells, find wherein when said 
ribozyme sequence is expressed in said cells it internets with said cellular mRNA 
sequence and cleaves said mRNA sequence resulting in the inhibition of expression of 

20 said GILR protein in said cells. 

21. A method for enhancing apoptosis in cells by inhibiting the activity of GTLR proteins 
in said cells, comprising introducing into said cells u peptide that is capable of binding the 
normal endogenous ClLR in said cells and inhibiting its activity thereby enhancing 

25 apoptosis 

« 

22. A method for isolating and identifying proteins, according to claim 0 or 10, which 
are GTLR-like proteins belonging to the leucine zipper family or arc proteins capable of 
binding directly to GILR, comprising applying the yeast two-hybrid procedure in which a 

30 sequence encoding said GILR is carried by one hybrid vector and sequence from a 
cDNA or genomic DNA library is carried by the second hybrid vector, the vectors then 
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being used to transform yeast host cells and the positive transformed cells being isolated, 
followed by extraction of the said second hybrid vector to obtain a sequence encoding a 
protein which binds to said GILR. 

5 23. A method according ro any one of claims 13-21 wherein said protein is at least one 
of the GILR isoforms. analogs, fragments and derivatives i hereof. 

24. A pharmaceutical composition for the inhibition of apoptosis in cells or for 
stimulating lymphocyte activation, comprising as active ingredient, at least one GILR 
10 protein, according to claim v or 10, its biologically active fragments, analogs, derivatives 
or mixtures thereof 

r ' 25. A pharmaceutical composition for inhibiting apoptosis in ceils or for stimulating 

lymphocyte activation comprising, as active ingredient, a recombinant animal virus 
15 vector encoding a protein capable of binding a cell surface receptor and encoding at least 
one GILR protein, isoibrm, active fragments or analogs, according to claim 0 or 10. 

26. A pharmaceutical composition for enhancing apoptosis in cells by inhibiting GILR 
activity in said cells, comprising as active ingredient, an oligonucleotide sequence 

20 encoding an ami-sense sequence of the GILR protein mRNA sequence according to any 
one of claims I -4 

27. A pharmaceutical composition for enhancing apoptosis in cells by inhibiting GILR 
J activity in said cells, comprising, as active ingredient, an inactive mutant GILR protein or 

25 DNA sequence encoding said inactive mutant GILR protein, which GILR mutant, when 
introduced into, or expressed in. said cells inhibits the activity of the normal endogenous 
GILR protein. 



28. A pharmaceutical composition for enhancing apoptosis in cells hy inhibiting GlLR 
30 activity in said cells, comprising, as active ingredient, a peptide capable of binding to the 
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active site or the leucine zipper dnninin ot Cill.R and thereby inhibiting normal 
endogenous G1LR activity in cells. 



29. A fragment according to claim 0 being a peptide 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION t 

(U "(A^SSi APPLIED RESEARCH SYSTEMS ARS HOLDING W.V. 

(B) STREET: 14 JOHN B- GROSIRAWEG 

(C) CITY: CURACAO 

(E) COUNTRY t NETHERLANDS ANTILLES 
(?) POSTAL CODE (ZIP) 2 N0^ E 

(G) TELEPHONES 639300 

(H) TELEFAX: 614129 

(ii) TITLE OF INVENTION: INTRACELLULAR MODULATORS OF APOPTOTIC CELL 

DEATH PATHWAYS 

(iti) NUMBER OF SEQUENCES: 4 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER; IBM PC compatible 

(C) OPERATING SYSTEM: PC-30S/MS-DOS 

<D) SOFTWARE : Pacentln Release *i.O, Version #1.j0 (EPO) 

(2) INFORMATION FOR S2Q ID NO: It 

(i) SEQUENCE CHARACTERISTICS 1 

<A) LENGTH: 1972 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 
(iv) ANTI -SENSE: NO 

<ix) FEATURE: 

(A) NAME /KEY: CDS 

( 8 ) LOCATION:206. . 61G 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

CTGGCTGCTG TGGAGTTTCT GACATACTAC GTGACACCCT TGGAGTCACT TCTCTTCAAC 60 

TCCAGCTTAG AAGTGCCTGC CTCGCTCACG CTCTGCACTG CAGCCTACTC CTTGCTTCAG 120 

GGCCTGACTG CAACGCCAAA GCCTATCCTA TAGCGCCACC GCCAGCAGCC ACTCAAACCA ISO 

GCCACAGCTC CCCGGCAACC GAACC ATG AAC ACC GAA ATG CAT CAG ACC CCC . 232 

Hex ftsri Thr Glu Met .yr Gin . r.r rro 
1 s 



ATG GAG GTG GCG GTC TAT CAG CTG CAC AAT TTC TCC ACC TCC TTC .TT 
Met Glu Val Ma Val Tyr Gin iau His Asn Phe Ser Tnr ser Phe Phe 
10 » 20 



2 SO 
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TCT TCT CTG CTT GGA GGG GAT GTG GTT TCC GTT AAA CTG GAT AAC AGT 3 28 

Ser Ser Leu Leu Gly Gly Asp Val Val Ser Val Ly* Leu Asp Asm Ser 
30 35 40 

GCC TCC GCA GCC AGT GTG GTG GCC CTA GAC A AC AAG ATT GAG CAC GCC 37 6 

Ala Ser Gly Ala ser Val Val Ala Leu Asp A*n Lys lie Glu Gin Ala 
45 50 55 

ATG GAC CTC GTG AAG AAC CAC CTG ATG TAC GCT GTG AGA GAG GAG GTG 424 
Met Asp Leu Val Lyfl Asn His Leu Met Tyr Ala Val Arg Glu Glu Val 
60 6S 70 

GAG GTC CTA AAG GAG CAC ATT CGT GAG CTG CTT GAG AAG AAC TCC CAG 472 
Glu Val Leu Lya Glu Gin lie Airg Glu Leu Leu Glu Lys Asn Ser Gin 
7$ 80 35 

CTG GAG CGC GAG AAC ACC CTC CTG AAG ACQ CTG GCA AGC CCC GAG CAA 520 
^eu Glu Arg Glu Asn Thr 
90 95 

CTG GAA AAG TTC CAG TCC CGG CTG AGC CCT CAA GAG CCA GCA CCT GAA 
Gin 
110 



CTG GAG CGC GAG AAC ACC tic mm\> n\*sa w*v wv-~ ~ 

Leu Glu Arg Glu A*n Thr Leu Leu Ly* Thr Leu Ala Ser Pro Glu Gin 

— - X00 a us 

CTG GAA AAG TTC u«i iuu ww CAA GAG CCA GCA CCT GAA 

Leu Glu Lys Phe Gin Ser Arg Lgu Ser Pro Glu Glu Pro Ala Pro Glu 



568 



CCC CCA GAA ACC CCG GAA ACC CCG GAA GCC CCT GGT GGT TCT CCC GTG 616 
Ala Pro Glu Thr Pro Glu Thr Pro Glu Ala Pro Gly Gly Ser Ala Val 
125 130 135 

TAAGTGGCTC TGTCCTTAGG GTGGGCAGAG CCACATCTTC TTCTACCTAG TTCTTTCCAG 676 

TTTGTTTTTG GCTCCCCAAC GCTCATCTCA TOTGGAGAAC TTTACACCTA A CAT AG C TG G 736 

TGCCAACAGA TGTCCCAAGG ACATGCCCAT CTGGGTCCAU TCRAGTGACA GACCCCTGAC 7 96 

AAAGAGCACG TCTCTGGAGA CTAAGTTGCA TGGGGCCTAC TA AC ACC A AG CCAGTGAGCC 856 

TGTCGTGTCA CCGGGCCCTG GGGGCTCCCA GGGCTGCGCA ACTTAGTT^C AGCTGACCAA 916 

GGAGAAAGTA GTTTTGAGAT GTGATGCCAG TGTGCTCCAG AAAGTGTAAG GGGTCTGTTT 976 

TTCATTTCCA TGGACATCTT CCACAGCTTC ACCTGACAAT GACTGTTCCT ATGAAGAAGC 1036 

CACTTGTGTT CTAAGCAGAA GCAACCTCTC TCTTCTTCCT CTGTCTTTTC CAGGCAGGGG 1096 

CAGAGATCGO AQAQATTGAG CCAAATO AGR CTTCTCTTCC TTAATACTGT ATAATCCATG 11SR 

GCTTTGTGCA CAGCCCAGTG TGGGGTTACA GCTTTGGGAT GACTCCTTAT AAAGTTCTGT 1216 

TTGCTTAGTA TTGGCATCGT TTTTCTATAT AGCCATAATG CGTATATATA CCCATAGGGC 1276 

TAGATCTATA TCTTAGGGTA GTG ATGTATA CATATACACA TACACCTACA TGTTGAAGGG 1336 

CCTAACCAGC TTTGGGAGTA CTGACTGGTC TCTTATCTCT TAAAGCTAAG TTTTTGACTG 1396 

TGCTAATTTA CCAAATTGAT CCAGTTTGTC CTTTAGAT1A AATAAGACTC GATATGAGGG 1456 

AGGGAGGGGA AGACCAGCCT CACAATGCGG CCACAGATGC CTTGCTGCTG CAGTCCTCCC 1516 

TGATCTGTCC ACTGAAGACA TGAAGTCCTC TTTTOAATGC CAAACCCACC ATTCATTGGT 1S7 6 
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GCTGACTACA TAGAA7GGCO TTGAGAGAAG ATCAGTTTOG ACTTCACATT TTTGTTTTAA 1636 

GTTTTAGGTT GTTTTTTTTT GGTTTTGTTT CTTTGTTTGT TTGTTTGTTT TTGTTTTTTG 1696 

TTTTTCTTtT TTAAGTTCTT GTGCGCAAAC TTTGGGGTTA ATCAAAGGAT GTAGTCCTGT 1756 

CCTAGACCAG AGGAGTAACT AGTTTTGATC CTTTGGGGTG TCGAAAATGT ACCCAGGAAG 1816 

CTTGTGTAAG GAGGTTCTGT GACAGTGAAC ACTTTCCACT TTCTGACACC TCATCCTGCT 1876 

GTACGACTCC AGGATTTGGA TTTGGATTTT TCAAATGTAG CTTGAAATTT CAATAAACTT 1935 

TGCTCCTTTT TCTAAAAATA AAAAAAAAAA AAA AAA 1972 

(2) INFORMATION TOR SEQ ID NO: 2: 

(i] SEQUENCE CHARACTERISTICS : 

(A) L2NCTH: 137 amino acids 

(B) TYPE: amirtO acid 
(S) TOPOLOGY: linear 

(Li) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2; 

Met Asm Thr Glu M»t Tyr Gin Thr Pro Met Glu Val Ala Val Tyr Gin 
1 5 10 15 

Leu His Asn Phe Ser Thr Ser Phe Phe Ser Ser Leu Leu Gly Gly As F 
20 25 30 

Vat val Ser val Lys Leu Asp Asr. Sor Ala Ser Gly Ala Ser Val Val 
35 40 <5 

Ala Leu Asp Asn Lys lie Glu Gin Ala Met Asp Leu Val Lys Asn His 
50 55 SO 

Leu Met Tyr Ala Val Arg Glu Glu val Clu Val Leu Lys Glu Gin lie 
65 70 75 80 

Arg Glu Leu Leu Glu Lys Asn Ser Gin L*u Glu Arg Giu Asr Thr Le;; 

85 90 S:> 

Leu Lys Thr Leu AU Ser Pro Glu Gin Leu Glu Lys Phe Gin Ser Arg 
100 ICS no 

Leu Ser Pro Glu Glu Pro Ala Pro Glu Ala Pre Glu Thr Pro Glu Thr 
115 120 125 

Pro Glu Ala Pro Gly Gly Ser Ala Val 
130 135 

(2) INFORMATION FOR SEQ ID NO: 3; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDSDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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(tii) HYPOTHETICAL.: NO 
(iv) ANTI-SENSE i NO 

(ix) FEATURE i 

(A) NAME /KEY ' misc_f eature 
IB) LOCATION : 1 . .20 

(D) OTHER INFORMATION : / not«* s "PCR forward primer 
<xi> SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

20 

CCATCTGGGT CCACTCCAGT 

(2) INFORMATION FOR SEQ ID NO: 4: 

<i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH x 20 base pairs 
(3) TYPE: nucleic acid 
tC) STRANDEDNESS: e ingle 
(0) TOPOLOGY: line&r 

(ii) MOLECULE TYPE: cONA 

<iii) HYPOTHETICAL; NO 

(iK) FEATURE: 

<A) NAME/KEY: miscj eature 

(B) LOCATION: 1 . .20 

<D) OTHER INFORMATION:/ not e= "PCR reverse primer 



(xl) SEQUENCE DESCRIPTION: SEQ ID NO: A i 
AGGACAGTGG GAGTGGCACC 



20 




Figure 1A 




Figure IB 
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MC^S^GMTC^CGCCWlAOCCTATCCIMAOCeeCAWGCCAOCAGCCAC 



233 AIGGAGGTOGC^CTATCAGCXGCACAAT^ 



MetCXuValAlaV a lTyrGlnl-a U !ii4A 8 nPheS e rthrB«tPh.PheSerSetLeuL e u 

293 6OAC0CGATOI0QTTTCCGTTAARCI6GAIAACA0T0CCTCCOGACCCAOXQTO0T6GCC 
alyOlyAspValValSerValijrsLettAspAsnSwAUS-rolyAlaBerVBlVlAAa 

353 CTRGAC^CAAGATTGAGCAGOCCATCGACCTCOTOAAGAACCACCTORXGTOM 

LeuAspAsalaallBGluQLaAlaMetAspLewValliZSAanHilL.uMetTyrAlaVal 

413 nmffnffm-T— W >»^ rt ^r>fl^TCflTCAQCTGCTTGAGAAGAACTCCqAQ 
^GluGluValGluValL e uLy 5 GluGLi.lieArg0luL 8 uLeuGluLy8A Sn SerGin 

473 eTCSAGCBCGAQA&rACCCTCCTG AAOACOCTGO^GCCCCGAGCJUiCTGGAAAAGTTC 
LeuOluArgGluA.nTllrLeu^ul .ysThrLBtiAlaSerProGluGlnl.cuGluI.y^Pha 

533 eAGTCCCGGCTGAGCCCTOAAGAGCCAGCACCTGAAGCCCCAGAAACCCCGGAAACCCCG 
^SS^SerPrSluGluPtoAlaProaiuAlaProOluThrProGluThrPro 

5 9 3 GAAGCCCCTGGTOOrrCTOCGGTGTa&CTGGCTCTOTCCTTAGaGTGGOCAOAGCCACAl 
aiuAlaProGlyGlySerAlaV»l * 

653 CTTGTTCTACCTAOTTCTTTCCAGMTCTTTTTCCCTCCCCAAGGGICATCTCATGTGGA 
!" Q^CTTOACACCTAACATAGCrGaTGCCAAOAGATGTCCCAAGGACAXGCCCATCTGCGT 

?« SScSgtgacagacccctgacaaacrgcacgtctctggagactaagttgcatggggc 

833 CXAGXAACACCAAGCCAGTGAOCCTGICGTGTCACCGGGCCCTOGGGGCTCCCACGCCTG 
III OQCAACT^AOOTACAGCTGACCAAGGAGAAAGTAGTXITGAGATGTGATGC 
953 CCAGAAAGTGTAAGGGGXCXOTTTTTCATTTCCATGGACATCTTCCACAGCTTCACCXGA 
10 13 CAATCACTGTICCIATGAAGAAGCCACXTGXCXTCXAAGCAGAAGCAACCXCTCTCTTCT 
1073 TeCTCTCTCTTXICCAGGCAGOOGCAGAGATGGOAGAGATIGAGCCAAATOAGCCTXCXG 
11 13 XXGGXXAAXACXGXAXAAXGCATGGCTTTGIGCACAGCCCAGTGXGGGGXXACAGCTTTO 
1 193 gGATGACTCCTTATAAAGTTCTGTTTGGTTAGTATTGGCATCGTTTTICTATATAGCCAT 
1253 AATGCGXAIAXAXACCCATAGGGCTAGATCTATATCTXAGGGXAGXOAXGXATACATATA 

^SSScc?ACMGTTGAA<»GGCCTAACCACCXXXOGG M 
1373 CTCTTAAAGCXAAGTXTXXGACXGXGCXAATTTACCAAATTGATCCAGXTXGTCCXXXAG 
1433 ATTAAATAAGACXCGAXAXGAGGGAGGCAOGGGAAOACCAGCCTCACAAXGCGGCCACAG 
1493 ATOCCTTGCXGCTGCAGTCCICCCTGATCTGXCCACXGAAGACATGAAGTCCXCTTTTGA 
1553 ATOCCAAACCCACCATTCAIXGGTGCXGACTACATACAATGGGGTTGAGAGAAGAXCAGI 

1613 XXOOACTTCAOOTTIXOTm^ 

!673 TTCTTXGTTTOTITXXGXXXXXTGTTTTTCTTTTTTAAGTICITGXGGGGAAACTTTGOO 
1733 OUAAXCAAACGATGTAOTCCTGTGGTAGACCAGAGGAGIAACXAGXXTTGATCCTTTGG 

MTMGGAAWTGTACCCAGGAAGCXXGXGXAAGGAaaTTCTGTGACAOXGAA^ 
1R53 CACXXXCXGACACCTCATCCTGCTGTACGACTCCAGGATTTGOAIXIGGAXTTTTCAAAI 



Figure 2 
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Figure 4 
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ABSTRACT 

A DNA sequence encoding a glucoccmieoid-induced tcucine-zipper family 
5 related protein (GILR), isoforms, fragments or :m»logs thereof, said CTILR. isoforms. 
fragments or analogs thereof capable of inhibiting apnptosw and stimulating lymphocyte 
activity, GTLR proteins, isotbrms. analogs, fragments and derivatives thereof encoded by 
the aforesaid DNA sequence, their preparation and uses. 
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